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(54) MULTI-FINGER HAND DEVICE 

(57) There is provided a multi-finger hand device 
which can perform smooth bending and stretching op- 
erations of finger mechanisms in holding work of an ob- 
ject or the like while reducing the number of actuators 
as driving sources of the bending and stretching opera- 
tions of the finger mechanisms. Wires 29a and 29b, and 
wires 30a and 30b extending from the finger mecha- 
nisms 2a to 2e biased to the stretching side by springs 
16, 26 or the like are joined to joining element 32 and 
33, respectively. A wire 31 provided extensionally from 
the finger mechanism 2a is wound onto a pulley 36 and 
drawn from the base side of the hand 3. The joining el- 



ements 32 and 33 are rockably held by a holding ele- 
ment 43 via spindles 44 and 45. The holding element 
43 is provided movably and rockably around a spindle 
42. The pulley 36 is held by the holding element 43 and 
moves together with the holding element 43. By pulling 
the wire 31 , the bending operations of the finger mech- 
anisms 2a to 2e are performed collectively. During bend- 
ing and stretching operations of the finger mechanisms 
2a to 2e, even if any of the finger mechanisms touches 
an object orthe like and is disabled to move, the bending 
and stretching operations of the other finger mecha- 
nisms can be performed. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a multi-finger 5 
hand device having a plurality of finger mechanisms. 

BACKGROUND ART 

[0002] A multi-finger hand device having a structure 10 
similar to that of a human hand is configured such that 
a plurality of finger mechanisms are provided extension- 
ally from a hand attached to a tip end of an arm, each 
having a plurality of interjoint elements sequentially con- 
nected via a plurality of finger joints. '5 
[0003] In this type of multi-finger hand device, there 
have been known in the prior art those in which, for each 
finger mechanism, an actuator for driving the finger 
joints of the finger mechanism is provided apart from the 
finger mechanism (for example, in the hand or arm), this 20 
actuator is connected to the finger mechanism via a wire 
element and a pulley element onto which the wire ele- 
ment is wound, and the wire element is pulled by the 
actuator to allow the finger mechanism to perform bend- 
ing and stretching operations (for example, refer to Jap- 25 
anese Patent Application Laid-Open No. 207795 
(1985), Japanese Patent Application Laid-Open No. 
8178 (1994) or the like). 

[0004] However, these conventional multi-finger hand 
devices, being provided with an actuator for each finger 30 
mechanism, can control the bending and stretching op- 
erations of the respective finger mechanisms independ- 
ently, while large space is necessary for mounting a 
number of actuators. Furthermore, since the wire ele- 
ment connecting the finger mechanism and the actuator 35 
corresponding to the same are required for each finger 
mechanism, space for arranging a number of wire ele- 
ments is also necessary and the arrangement of the wire 
elements becomes complicated. 

[0005] In order to solve such inconveniences, it can *o 
be considered that, for example, the respective finger 
mechanisms are biased via springs or the like toward 
their stretching side or bending side, that the wire ele- 
ments provided extensionally from the respective finger 
mechanisms are combined with each other, and that the *5 
combined wire elements are pulled by a single actuator, 
whereby bending operations or stretching operations of 
the respective finger mechanisms can be performed col- 
lectively. 

[0006] However, in such a case, for example, when 50 
the bending operations of the respective finger mecha- 
nisms are performed to hold an object, and one of the 
finger mechanisms touches the object or another obsta- 
cle, thereby being disabled to perform the bending op- 
eration further, the other finger mechanisms may also 55 
be disabled to perform their bending operations further, 
thereby being disabled to hold the object properly. Fur- 
thermore, in a case where the respective finger mech- 
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anisms are stretched from the bending state, when one 
of the finger mechanisms touches an obstacle or the 
like, thereby being disabled to perform the stretching op- 
eration further, the other finger mechanisms are also 
disabled to perform the stretching operations. 
[0007] The present invention is achieved in view of the 
above-mentioned background, and it is an object of the 
present invention to provide a multi-finger hand device 
which bends and stretches a plurality of finger mecha- 
nisms via wire elements, wherein smooth bending and 
stretching operations of the finger mechanisms can be 
performed in holding work of an object or the like while 
reducing the number of actuators as driving sources of 
the bending and stretching operations of the finger 
mechanisms. 

DISCLOSURE OF THE INVENTION 

[0008] In order to achieve such an object, according 
to a first aspect of the present invention, there is provid- 
ed a multi-finger hand device comprising: a hand at- 
tached to a tip end of an arm; a plurality of finger mech- 
anisms provided extensionally from the hand each of 
which is structured to sequentially connect a plurality of 
interjoint elements via finger joints; biasing means for 
biasing the respective finger mechanisms to any one of 
the stretching direction and the bending direction; wire 
elements provided extensionally from the respective fin- 
ger mechanisms to the hand side; and driving means 
for performing bending operations or stretching opera- 
tions of the finger mechanisms by pulling the wire ele- 
ments provided extensionally from the respective finger 
mechanisms against biasing forces of the biasing 
means, wherein: the driving means comprises a joining 
element having a pair of joining portions which join ends 
on the hand side of the two wire elements provided ex- 
tensionally from at least two finger mechanisms of the 
plurality of finger mechanisms respectively with a space 
left therebetween, and a holding element which rockably 
holds the joining element via a supporting point provided 
between both the joining portions of the joining element 
and can move in a pulling direction of the two wire ele- 
ments; and when the bending operations or the stretch- 
ing operations of the two finger mechanisms are per- 
formed, the wire elements provided extensionally from 
the two finger mechanisms are pulled by moving the 
holding element. 

[0009] The first aspect of the present embodiment has 
a structure suited for bending and stretching at least two 
finger mechanisms. Hereinafter, a description will be 
given supposing that two finger mechanisms are used. 
The finger mechanisms are provided, for example, with 
a plurality of joints and extend so as to bend and stretch 
freely by imitating a human hand. The wire elements ex- 
tend from the respective finger mechanisms toward the 
hand, and by pulling the wire elements, the bending op- 
erations and the stretching operations of the respective 
finger mechanisms can be performed. The driving 
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means pulls both the wire elements provided extension- 
ally from the two finger mechanisms concurrently via the 
joining element held by the holding element against the 
biasing forces of the biasing means, thereby performing 
the bending operations or the stretching operations of 
the two finger mechanisms (hereinafter referred to only 
as bending and stretching operations). Accordingly, with 
respect to the two finger mechanisms, the bending and 
stretching operations of both the fingermechanisms can 
be performed by only one actuator instead of providing 
one actuator for each of the finger mechanisms. Fur- 
thermore, at this time, even if any one of the two finger 
mechanisms touches an object or the like and the wire 
element thereof is disabled to be pulled, the joining el- 
ement can rock like a scale via the supporting point and 
move together with the holding element while pulling the 
wire element of the other finger mechanism, whereby 
the bending and stretching operations of the other finger 
mechanism can be performed without any problem. 
[0010] In this way, according to the first aspect of the 
present invention, the smooth bending and stretching 
operations of the finger mechanisms in holding work of 
an object or the like can be performed while reducing 
the number of the actuators as driving sources of the 
bending and stretching operations of the finger mecha- 
nisms. Incidentally, the first aspect of the present inven- 
tion can also be employed in the case of two or more 
finger mechanisms, and with respect to the finger mech- 
anisms other than the two finger mechanisms, the wire 
elements provided extensionally from the finger mech- 
anisms may be pulled using individual actuators to per- 
form the bending and stretching operations of the finger 
mechanisms. Alternatively, according to other struc- 
tures of the present invention as described later, the 
bending and stretching operations can be performed us- 
ing an actuator common to each other. 
[001 1] Furthermore, according to a second aspect of 
the present invention, there is provided a multi-finger 
hand device comprising: a hand attached to a tip end of 
an arm; at least four or more finger mechanisms provid- 
ed extensionally from the hand each of which is struc- 
tured to sequentially connect a plurality of interjoint el- 
ements via finger joints; biasing means for biasing the 
respective finger mechanisms to any one of the stretch- 
ing direction and the bending direction; wire elements 
provided extensionally from the respective finger mech- 
anisms to the hand side; and driving means for perform- 
ing bending operations or stretching operations of the 
finger mechanisms by pulling the wire elements provid- 
ed extensionally from the respective finger mechanisms 
against biasing forces of the biasing means, wherein: 
the driving means comprises two joining elements each 
having a pair of joining portions wherein at least four 
finger mechanisms of the plurality of finger mechanisms 
are classified into two pairs and the joining portions join 
ends on the hand side of the two wire elements provided 
extensionally from the two finger mechanisms of each 
of the two pairs with a space left therebetween, and a 



holding element which rockabiy holds the two joining el- 
ements with a space left therebetween via supporting 
points each provided between both the joining portions 
in each of the joining elements and can move in a pulling 

5 direction of the wire elements provided extensionally 
from the four finger mechanisms respectively and can 
rock around a supporting point provided between the 
two joining elements; and when the bending operations 
or the stretching operations of the four finger mecha- 

10 nisms are performed, the wire elements provided exten- 
sionally from the four finger mechanisms arc pulled by 
moving the holding element. 

[0012] The second aspect of the present invention 
has a structure suited for bending and stretching at least 

15 four finger mechanisms. Hereinafter, a description will 
be given supposing that four finger mechanisms are 
used. The driving means according to the second as- 
pect of the present invention can pull the wire elements 
provided extensionally from the four finger mechanisms 

20 via the two joining elements against the biasing forces 
of the biasing means by moving the holding element. 
Thereby, the bending and stretching operations of the 
four finger mechanisms can be performed collectively, 
and the bending and stretching operations can be per- 

25 formed using a single actuator instead of providing ac- 
tuators for the four finger mechanisms individually. 
[0013] Here, the four finger mechanisms are classi- 
fied into the two pairs and the respective wire elements 
are joined by the two joining elements. In other words, 

30 a pair of wire elements extended from the two finger 
mechanisms are joined by one of the joining elements, 
and a pair of wire elements extended from the remaining 
two finger mechanisms are joined by the other joining 
element. Then, even it any one of the four finger mech- 

35 anisms touches an object or the like and is disabled to 
move, so that the wire element thereof becomes inca- 
pable of being pulled, the wire element provided exten- 
sionally from the finger mechanism paired with the finger 
mechanism which is disabled to move is pulled by the 

40 balance-like rocking of the joining element, and the 
bending and stretching operations of the finger mecha- 
nism paired with the finger mechanisms which is disa- 
bled to move can be performed without any problem. In 
addition, since the joining element corresponding to the 

45 two finger mechanisms of the pair other than the pair to 
which the finger mechanism disabled to move belongs 
is moved together with the holding element, the bending 
and stretching operations of the three finger mecha- 
nisms other than the finger mechanism disabled to 

50 move can be performed. This is also similar in a case 
where one finger mechanism belonging to one of the 
two pairs of the four finger mechanisms and one finger 
mechanism belonging to the other pair are disabled to 
move at the same time. In this case, both the joining 

55 elements can also move together with the holding ele- 
ment while rocking, whereby the bending and stretching 
operations of the two finger mechanisms other than the 
two finger mechanisms disabled to move can be per- 
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formed. 

[0014] Furthermore, in a case where both of the two 
finger mechanisms belonging to one of the two pairs of 
the four finger mechanisms are disabled to move, the 
joining element corresponding to the finger mechanisms s 
belonging lo the pair is disabled to move together with 
the holding element/however, rocking of the holding el- 
. ement around the supporting point enables the joining 
element corresponding to the finger mechanisms of the 
other pair to move together with the holding element. *o 
Thereby, the bending and stretching operations of the 
finger mechanisms of the other pair can be performed. 
Similarly, even in a case where three finger mechanisms 
of the four finger mechanisms are disabled to move, 
since the joining element corresponding to one movable 15 
finger mechanism rocks and the holding element can 
move while rocking, the bending and stretching opera- 
tions of the one movable finger mechanism can be per- 
formed. 

[0015] In this way, according to the second aspect of 20 
the present invention, even if any finger mechanism of 
the four finger mechanisms touches an object or the like 
and is disabled to move, the remaining finger mecha- 
nisms can perform the bending and stretching opera- 
tions. Then, the bending and stretching operations of the 25 
four finger mechanisms can be performed by moving the 
pulley holding element using a single actuator. 
[0016] Hence, according to the second aspect of the 
present invention, similar to the above-mentioned first 
embodiment, the smooth bending and stretching oper- 30 
ations of the finger mechanisms in holding work of an 
object or the like can be performed while reducing the 
number of the actuators as driving sources of the bend- 
ing and stretching operations of the finger mechanisms. 
Incidentally, in the second aspect, the basic actuation of 35 
the two finger mechanisms of each of the pairs is similar 
to that of the first aspect. 

[0017] Furthermore, the above-mentioned multi-fin- 
ger hand device of the first aspect of the present inven- 
tion comprises at least three or more said finger mech- *o 
anisms, wherein: the driving means comprises a pulley 
element onto which the wire element provided exten- 
sionally from the one finger mechanism other than the 
two finger mechanisms is wound and which is held ro- 
tatably by the holding element; and when the bending 45 
operations or the stretching operations of the two finger 
mechanisms and the one other finger mechanism are 
performed, the wire element provided extensionally 
from the one other finger mechanism is pulled in such 
a direction that the pulley element moves in a pulling 50 
direction of the wire elements provided extensionally 
from the two finger mechanisms together with the hold- 
ing element. 

[0018] Thereby by pulling the wire element provided 
extensionally from the one other finger mechanism, the 55 
bending and stretching operations of the one other fin- 
ger mechanism are performed. In addition, by pulling the 
wire element provided extensionally from the one other 



finger mechanism, the holding element moves via the 
pulley element, and with this, the wire elements provid- 
ed extensionally from the two finger mechanisms are 
pulled via the joining element. Thereby, only by pulling 
the wire element provided extensionally from the one 
other finger mechanism, the bending and stretching op- 
erations of not only the one other finger mechanism but 
the two finger mechanisms can be performed concur- 
rently. 

[0019] At this time, for example, even if the one other 
finger mechanism touches an object or the like and goes 
into an unmovable state, since the pulley element is pro- 
vided in the movable holding element, the holding ele- 
ment is moved while the pulley element rotates, and the 
wire elements of the two finger mechanisms are pulled, 
so that with respect to the two finger mechanisms, the 
bending and stretching operations can be performed 
without any problem. 

[0020] Furthermore, as for the two finger mecha- 
nisms, even if any one of them touches an object or the 
like and is disabled to move, the joining element rocks 
like a scale, so that the bending and stretching opera- 
tions of the other finger mechanism is not inhibited, and 
further, since the wire element provided extensionally 
from the one other finger mechanism is pulled via the 
pulley element of the holding element, the bending and 
stretching operations of the one otherfingermechanism 
are also performed without any problem. 
[0021] Hence, according to the above-mentioned 
present invention, even if any finger mechanism of the 
three finger mechanisms consisting of the two finger 
mechanisms and the one other finger mechanism 
touches an object or the like and is disabled to move, 
the remaining finger mechanisms can perform the bend- 
ing and stretching operations. In addition, the bending 
and stretching operations of the three finger mecha- 
nisms can be performed by the wire element provided 
extensionally from the one other finger mechanism us- 
ing the single actuator. 

[0022] Similar to the foregoing case, in the above- 
mentioned second aspect of the present invention, the 
multi-finger hand device comprises at least five or more 
said finger mechanisms, wherein: the driving means 
comprises a pulley element onto which the wire element 
provided extensionally from the one finger mechanism 
other than the four finger mechanisms is wound and 
which is held rotatably by the holding element between 
the two joining elements; and when the bending opera- 
tions or the stretching operations of the four finger mech- 
anisms and the one other finger mechanism are per- 
formed, the wire element provided extensionally from 
the one other finger mechanism is pulled in such a di- 
rection that the pulley element moves in a pulling direc- 
tion of the wire elements provided extensionally from the 
four finger mechanisms together with the holding ele- 
ment. 

[0023] Thereby, only by pulling the wire element pro- 
vided extensionally from the one other finger mecha- 
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nism : the bending and stretching operations of the four 
finger mechanisms can be performed concurrently with 
the bending and stretching operations of the one other 
finger mechanism. In other words, by pulling the wire 
element provided extensionally from the one other fin- 
ger mechanism, the holding element is moved via the 
pulley element, and the wire elements provided exten- 
sionally from the four finger mechanisms are pulled via 
the two joining elements provided in the holding ele- 
ment. At this time, for example, even if the one other 
finger mechanism touches an object or the like and goes 
into an unmovablc state, since the pulley element is held 
by the movable holding element, the holding element is 
moved while the pulley element rotates, and the wire 
elements of the four finger mechan isms joined to the two 
joining elements are pulled, so that with respect to the 
four finger mechanisms, the bending and stretching op- 
erations can be performed without any problem. Fur- 
thermore, as for the four finger mechanisms, even if any 
of them touches an object or the like and is disabled to 
move, since the joining element corresponding to the 
remaining finger mechanisms other than the finger 
mechanism disabled to move can rock like a scale and 
move together with the holding element, the bending 
and stretching operations of the remaining finger mech- 
anisms can be performed. 

[0024] Hence, according to the above-mentioned 
present invention, even if any finger mechanism of the 
five finger mechanisms consisting of the four finger 
mechanisms and the one other finger mechanism 
touches an object or the like and is disabled to move, 
the remaining finger mechanisms can perform the bend- 
ing and stretching operations. In addition, the bending 
and stretching operations of the five finger mechanisms 
can be performed by pulling the wire element provided 
extensionally from the one other finger mechanism us- 
ing the single actuator. 

[0025] Furthermore, in the second aspect of the 
present invention, even if the biasing forces of the re- 
spective biasing means are set to a constant value, by 
locating the supporting point of the holding element pro- 
vided between the two joining elements closer to any 
one of the joining elements, the bending and stretching 
operation sequence of the two finger mechanisms be- 
longing to one of the two pairs of the four finger mech- 
anisms and the two finger mechanisms belonging to the 
other can be set easily. Specifically, for example, when 
the biasing means of the respective finger mechanisms 
have the same biasing force and the holding element is 
moved via the supporting point, firstly, the holding ele- 
ment rocks, and one of the joining elements at a shorter 
distance from the supporting point starts to move at an 
earlier timing than the other joining element at a longer 
distance from the supporting point. At this time, in a case 
where the respective biasing means bias the respective 
finger mechanisms to the stretching side, since the wire 
elements joined to the one joining element moved at an 
earlier timing are pulled earlier than the wire elements 



joined to the other joining element, the bending opera- 
tions of the two finger elements belonging to the one can 
be started earlier than those of the two finger elements 
belonging to the other. Furthermore, in a case where the 

5 respective biasing means bias the respective finger 
mechanisms to the bending side, since the wire ele- 
ments joined to the one joining element moved al an 
earlier timing are released earlier than the wire elements 
joined to the other joining element, the two finger mech- 

10 anisms belonging to the one can start the stretching op- 
erations later than the two finger mechanisms belonging 
to the other. In this way, since the bending and stretching 
operation sequence of the finger mechanism can be set 
by the supporting point position of the holding element, 

15 cost increase can be prevented by using biasing means 
having the same biasing force without mounting biasing 
means having a different biasing force for each finger 
mechanism. 

[0026] Furthermore, in the first and second aspects of 

20 the present invention, by locating the supporting point 
provided between the both joining portions of the joining 
element closer to any one of the joining portions, the 
bending and stretching operation sequence can be set 
easily with respect to the two finger mechanisms. This 

25 js basically similar to the above-mentioned case of the 
supporting point position of the holding element, and 
when the holding element is moved, the joining element 
rocks around the supporting point and the wire element 
joined to one joining portion at a shorter distance from 

30 the supporting point is pulled at an earlier timing than 
the wire element joined to the other joining portion at a 
longer distance from the supporting point. 
[0027] In addition, for example, in the multi-finger 
hand device of the present invention, when the fourfin- 

35 ger mechanisms correspond to an index finger to a little 
finger by imitating a human hand, by combining the sup- 
porting point position of the joining element and the sup- 
porting point position of the holding element, the bend- 
ing operations from the little finger to the index finger 

40 can be continued with a slight sequential delay, so that 
a natural gripping operation imitating a human hand can 
be achieved easily. 

[0028] Furthermore, in the present invention, it is pref- 
erable that the joining element is held by the holding el- 

45 ement via a link element provided consecutively and 
rockably to the holding element. Thereby, even when 
the holding element is provided closer to the arm in the 
hand, the joining element can be made closer to the re- 
spective finger mechanisms by the link element, where- 

50 by the length of the respective wire elements is saved 
to reduce cost. In addition, the rockable link element can 
absorb a circular arc activation when the holding ele- 
ment rocks around the supporting point thereof to trans- 
mit it as a substantially linear operation to the joining 

55 element, and the stable bending and stretching opera- 
tions of the finger mechanisms can be performed. 
[0029] Furthermore, in the present invention, the wire 
elements provided extensionally from the respective fin- 
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ger mechanisms, for example, may be provided exten- 
sionally from the tip ends of the respective finger mech- 
anisms, however, as a more preferable structure, it is 
cited that at least one finger mechanism of the plurality 
of the finger mechanisms comprises a link mechanism 5 
joined to the plurality of inlerjoinl elements of the finger 
mechanism, so that rotational operations around the 
other finger joints are performed in conjunction with a 
rotational operation of the interjoint element continued 
into the finger joint closest to the hand around the finger 10 
joint, and the wire element provided cxtcnsionally from 
the finger mechanism is provided extonsionally from the 
interjoint element closest to the hand. 
[0030] According to this, with respect to the respective 
finger mechanisms comprising the link mechanism, by 15 
pulling the wire element provided extensionally from the 
interjoint element closest to the hand and rotating the 
interjoint element closest to the hand around the finger 
joint closest to the hand, the bending and stretching of 
the other joints are performed in conjunction with this, 20 
and the bending and stretching operations of the finger 
mechanism are performed. The wire element, therefore, 
needs only to be extended from the hand to the interjoint 
element closest to the same, which allows the length 
thereof to be shorter. Thereby, the length of the wire el- 25 
ement can be saved to reduce cost. 
[0031] Furthermore, it is preferable that the two or 
more interjoint elements of each of the two or more fin- 
ger mechanisms among the plurality of finger mecha- 
nisms have an identical structure. 30 
[0032] According to this, since the two or more finger 
mechanisms can use the same interjoint element, re- 
quired components of the multi-finger hand device can 
be reduced in type, which makes the component man- 
agement, maintenance or the like easier. 35 
[0033] Furthermore, in the present invention, in a 
case where the hand is provided rotatably around a 
shaft center extending in a substantially longitudinal di- 
rection of the arm, it is preferable that the driving means 
comprises at least one driving wire element provided ex- 40 
tensionally from the hand to the inside of the arm, and 
an actuator for applying to the driving wire element a 
driving force for pulling the driving wire element toward 
the inside of the arm, the driving means transmitting the 
force of pulling the wire elements provided extensionally 45 
from the respective finger mechanisms from the actua- 
tor to the hand side via the driving wire element, and the 
driving wire element is arranged into the arm along the 
rotation shaft center of the hand. 

[0034] According to this, since the driving wire ele- 50 , 
ment is arranged into the arm along the rotation shaft 
center of the hand, even if the hand is rotated with re- 
spect to the arm, the driving wire element is not pulled. 
Accordingly, the hand can be rotated with respect to the 
arm while maintaining bending and stretching states of 55 
the finger mechanisms provided extensionally from the 
hand. Furthermore : by arranging the actuator inside of 
the arm, the structure of the hand can be downsized. 



[0035] Incidentally, in the case where the multi-finger 
hand device comprises, for example, five finger mech- 
anisms, as in the above-mentioned invention of the sec- 
ond aspect, when the pair of joining elements and the 
pulley element are provided, the driving wire element is 
integral with the wire element provided extensionally 
from the one other finger mechanism or made of only 
one wire element obtained by connecting with the wire 
element. 

[0036] Then, in this way, in the multi-finger hand de- 
vice of the present invention in which the hand rotates 
with respect to the arm, it is preferable that the arm and 
the hand are insulated electrically and the driving wire 
element is formed of an insulating material. 
[0037] According to this, even if the hand and the fin-, 
ger mechanisms are immersed in water, electric leak- 
age from an electrical component system inside of the 
arm or the like to the hand side, orthe like never occurs. 
Therefore, work such as holding an object in water can 
be performed by the multi-finger hand device without 
any problem. 

[0038] Incidentally, in the present invention as de- 
scribed above, in the case where the finger mechanisms 
are biased to the stretching side by the biasing means, 
a force when holding an object by the multi-finger hand 
device can be adjusted by controlling the pulling force 
of the wire elements provided extensionally from the re- 
spective finger mechanisms, and in the case where the 
respective finger mechanisms are biased to the bending 
side by the biasing means, the force when holding an 
object can be adjusted by adjusting the biasing force of 
the biasing means. 

[0039] Furthermore, in the present invention as de- 
scribed above, the "wire element" includes elements 
such as chains and belts as well as wires in a typical 
sense, and the "pulley element" includes gears, sprock- 
ets or the like as well as pulleys in a typical sense. 

BRIEF DESCRIPTION OF DRAWINGS 

[0040] 

FIG. 1 is a perspective view of a multi-finger hand 
device according to one embodiment of the present 
invention. 

FIG. 2 is a plan view showing a substantial part 
structure of the multi-finger hand device of FIG. 1 . 
FIG. 3 is a cross-sectional view taken along the line 

III- Ill of FIG. 2. 

FIG. 4 is a cross-sectional view showing an internal 
structure of an arm with the multi-finger hand device 
of FIG. 1 attached. 

FIG. 5 is a cross-sectional view taken along the line 

IV- IV of FIG. 4. 

FIGS. 6(a) and 6(b) are views for explaining an ac- 
tuation of the substantial part of the multi-finger 
hand device of FIG. 1 . 
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BEST MODE OF CARRYING OUT THE INVENTION 

[0041 J One embodiment of a multi-finger hand device 
of the present invention will be described in reference 
to FIGS. 1 to 6. Incidentally, the present embodiment 
corresponds to both of the first aspect and the second 
aspect according to the present invention. 
[0042] As shown in FIG. 1 , a multi-finger hand device 
1 according to the present embodiment is formed by im- 
itating a human hand, comprising five finger mecha- 
nisms 2a to 2c corresponding to five fingers and a hand 
3 corresponding to a palm. The finger mechanisms 2a 
to 2e correspond to a thumb, index finger middle finger, 
ring finger, and little finger in a human hand, respective- 
ly. The hand 3 is joined rotatably via a wrist base 4 to 
an arm 5, a part of which is shown in FIG. 4. The arm 5 
is provided in a robot body of a humanoid or the like, 
which is not shown in the figure. 
[0043] Here, as shown in FIG. 1, each of the finger 
mechanisms 2a to 2e is covered with a finger cover el- 
ement 1 a in such a manner as to bend and stretch. The 
hand 3 is covered with an element for back of hand for- 
mation 1b on the side of a back of hand and with an 
element for palm formation not shown in the figure on 
the side of a palm. In the drawings of the present em- 
bodiment including FIG. 1, the drawing of the element 
for palm formation is omitted in order to illustrate an in- 
ternal structure of the hand 3. In FIG. 1 , the element for 
back of hand formation 1 b is located in the lower part of 
the hand 3, while the element for palm formation is as- 
sembled on the upper side of this element for back of 
hand formation 1b. 

[0044] Among the finger mechanisms 2a to 2e, the 
four finger mechanisms 2b to 2e except for the finger 
mechanism 2a corresponding to the thumb are identical 
in fundamental structure. Firstly, the structure related to 
these four finger mechanisms 2b to 2e will be described 
below. As shown in FIG. 2, each of these four finger 
mechanisms 2b to 2e has a structure that a fixing ele- 
ment 6 which is provided fixedly to an end of the element 
for back of hand formation 1 b of the hand 3 (an end on 
the opposite side of the arm 5) and three interjoint ele- 
ments, that is, first to third elements 7, 8 and 9 are con- 
nected via three joints, that is, first to third joints 1 0 to 
12 in order. Incidentally, since the fundamental struc- 
tures of the finger mechanisms 2b to 2e are identical to 
each other as described above, in respective drawings 
of the present embodiment, for only some finger mech- 
anisms of the finger mechanisms 2b to 2e, reference 
numerals and signs of their components (interjoint ele- 
ments, joints and the like) will be representatively de- 
scribed, and those of other finger mechanisms will be 
omitted. 

[0045] The joints 10 to 12 of the respective finger 
mechanisms 2b to 2e are joints each of which performs 
a relatively rotational operation around a uniaxis be- 
tween the elements which the joint joins, and has joint 
shafts 1 0a to 1 2a. These joint shafts 1 0a to 1 2a extend 



in parallel with each other in a substantially width direc- 
tion of the hand 3 (a direction in which the finger mech- 
anisms 2b to 2e are substantially in parallel). Then, the 
first joint 1 0 joins the fixing element 6 and the first inter- 

5 joint element 7 via the joint shaft 1 0a in such a manner 
that the element 7 can rotate around a shaft center or 
the joint shaft 10a wilh respect to the fixing elemenl 6, 
the second joint 1 1 joins the first interjoint element 7 and 
the second interjoint element 8 via the joint shaft 1 1 a in 

10 such a manner that the element 8 can rotate around a 
shaft center of the joint shaft 1 1 a with respect to the el- 
ement 7, and the third joint 12 joins the second interjoint 
element 8 and the third interjoint element 9 via the joint 
shaft 12a in such a manner that the element 9 can rotate 

15 around a shaft center of the joint shaft 1 2a with respect 
to the element 8. These relative rotational operations of 
the interjoint elements 7 to 9 in the respective joints 10 
to 12 enable the bending and stretching operations of 
the respective finger mechanisms 2b to 2e. 

20 [0046] Furthermore, each of the finger mechanisms 
2b to 2e is provided with a link mechanism 1 3 which con- 
junctionally rotates the second interjoint element 8 and 
the third interjoint element 9 when the first interjoint el- 
ement 7, which is closest to the hand 3 : is rotated with 

25 respect to the fixing element 6. 

[0047] The structures of these link mechanisms 13 
are identical to each other with respect to any of finger 
mechanisms 2b to 2e, and for these structures, for ex- 
ample, the finger mechanism 2c will be described in ref- 

30 erence to FIG. 3. The link mechanism 13 comprises a 
link arm 1 4 which joins the fixing element 6 and the sec- 
ond interjoint element 8, and a link arm 15 which joins 
the first interjoint element 7 and the third interjoint ele- 
ment 9. One end of the link arm 1 4 is supported rotatably 

35 by the fitting element 6 via a spindle 14a at a position 
closer to a face portion on the back side of the finger 
mechanism 2c (lower portion in FIG. 3) than the joint 
shaft 1 0a of the first joint 1 0, and the other end thereof 
is supported rotatably by the second interjoint element 

40 8 via a spindle 1 4b at a position closer to a face portion 
on the belly side of the finger mechanism 2c (upper por- 
tion in FIG. 3) than the joint shaft 1 1 a of the second joint 
11. 

[0048] Furthermore, one end of the link arm 1 5 is sup- 
45 ported rotatably by the first interjoint element 7 via a 
spindle 15a at a position closer to a face portion on the 
back side of the finger mechanism 2c than the joint shaft 
1 1 a of the second joint 1 1 , and the other end thereof is 
supported rotatably by the third interjoint element 9 via 
so a spindle 15b at a position closer to a face portion on 
the belly side of the finger mechanism 2c than the joint 
shaft 1 2a of the third joint 12. 

[0049] In the finger mechanism 2c comprising the link 
mechanism 13 having such a structure, when the first 
55 interjoint element 7 is rotated in a clockwise direction 
(direction in which the face portion on the belly side of 
the first interjoint element 7 approaches a face portion 
on the palm side of the hand 3) with respect to the fixing 
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element 6 from a state in which the finger mechanisms 
2c is stretched as shown in solid lines in FIG. 3, the sec- 
ond interjoint element 8 conjunctionally rotates in a 
clockwise direction with respect to the first interjoint el- 
ement 7 as shown in virtual lines of the same figure, and 
the third interjoint element 9 rotates in a clockwise di- 
rection with respect to the second interjoint element 8. 
Thereby, the finger mechanism 2c bends at the respec- 
tive joints 10 to 12. Furthermore, on the contrary to the 
foregoing, when the first interjoint element 7 is rotated 
in a counterclockwise direction with respect to the fixing 
element 6 from the state in which the finger mechanism 
2c is bent as shown in the virtual lines of the same figure 
to return to the position shown in the solid lines of the 
same figure, the second interjoint element 8 and the 
third interjoint element 9 conjunctionally rotate in coun- 
terclockwise directions with respect to the first interjoint 
element 7 and the second interjoint element 8, respec- 
tively to stretch the finger mechanism 2c. In this manner, 
the bending and stretching of the finger mechanism 2c 
is performed by rotating the first interjoint element 7 with 
respect to the fixing element 6. Such a structure of the 
link mechanism 13 and the bending and stretching op- 
erations of the finger mechanism entailed by the same 
are completely similar with respect to the finger mech- 
anisms 2b, 2d and 2e. 

[0050] Incidentally, according to the present embodi- 
ment, parts of the finger mechanisms 2b to 2e from the 
second joint 11 to the fingertip side (parts each made 
of the second interjoint element 8, the third interjoint el- 
ement 9, the third joint 1 2, and the link arm 1 5) are iden- 
tical to each other not only in fundamental structure but 
also in shape and size of each component. 
[0051] In reference to FIGS. 1 and 2, a spring 16 as 
biasing means for biasing each of the finger mecha- 
nisms 2b to 2e of the above-mentioned structure to the 
stretching side is arranged inside of the hand 3 for each 
of the finger mechanisms 2b to 2e. Incidentally, in FIG. 
1, a part of the spring 16 of the finger mechanism 2b 
and the spring 1 6 of the finger mechanism 2e are shown , 
and in FIG. 2, the spring 16 of the finger mechanisms 
2c to 2e are partially shown. 

[0052] One end of the spring 16 is latched onto a 
spring locking part provided in the element for back of 
hand formation 1 b, which is not shown in the figure, via 
a latch element 17 (partially shown in FIG. 1), and as 
shown in FIG. 2, the other end thereof is locked onto the 
corresponding first interjoint element 7 of the finger 
mechanisms 2b to 2e via a wire element for biasing 18. 
In this case, a guide pulley 1 9 which is rotatable around 
the joint shaft 10a is arranged concentrically with the 
joint shaft 10 at a position closer to a side face of the 
first joint 1 0 of each of the finger mechanisms 2b to 2e, 
and the wire element for biasing 1 8 is fixed to a side face 
portion of the first interjoint element 7 via an outer pe- 
riphery on the lower side of this guide pulley 19 (the back 
side of each of the finger mechanisms 2b to 2e). Inci- 
dentally, the fixing portion of the wire element for biasing 



1 8 with respect to the first interjoint element 7 is located 
on upper side than a lower end of the guide pulley 1 9 in 
a vertical direction. 

[0053] This structure allows each of the mechanisms 

5 2b to 2e to be biased in the state in which each of the 
finger mechanisms 2b to 2e are stretched by a biasing 
force of the corresponding spring 16. 
[0054] Incidentally, in the description below, for con- 
venience of the description, the extending direction of 

10 the finger mechanisms 2b to 2e in the stretching state 
is referred to as a broadly anteroposterior direction of 
the multi-finger hand device 1, and the tip end side of 
the finger mechanisms 2b to 2e is referred to as the front 
side of the multi-finger hand device 1. 

15 [0055] In reference to FIG. 2, the finger mechanism 
2a equivalent to the thumb has a structure that a fixing 
element 20 which is provided fixedly to the element for 
back of hand formation 1 b of the hand 3 at the rear of 
the fixing element 6 of the finger mechanism 2b and two 

20 interjoint elements, that is, first and second elements 21 
and 22 are connected consecutively via two joints, that 
is, first and second joints 23 and 24 in order. Incidentally, 
in FIG. 2, in order to show an internal structure of the 
finger mechanism 2a, for the first interjoint element 21 

25 and the second interjoint element 22, only the outlines 
thereof are shown. 

[0056] The respective joints 23 and 24 of the finger 
mechanism 2a are joints each of which performs a rel- 
ative rotational operation around a uniaxis between the 

30 elements which the joint joins, and has joint shafts 23a 
to 24a. Then, the joint shaft 23a of the first joints 23 are 
oriented in a slightly inclined direction with respect to 
the anteroposterior direction of the multi-finger hand de- 
vice 1 , and the joint shaft 24a of the second joint 24 is 

35 oriented in a direction substantially straight to the joint 
23a of the first joint 23. Then, the first joint 23 joins the 
fixing element 20 and the first interjoint element 21 via 
the joint shaft 23a in such a manner that the element 21 
can rotate around a shaft center of the joint shaft 23a 

40 with respect to the fixing element 20, and the second 
joint 24 joins the first interjoint element 21 and the sec- 
ond interjoint element 22 via the joint shaft 24a in such 
a manner that the element 22 can rotate around a shaft 
center of the joint shaft 24a with respect to the element 

45 21 . These relative rotational operations of the interjoint 
elements 21 and 22 in the respective joints 23 and 24 
enable the bending and stretching operations of the fin- 
ger mechanism 2a. 

[0057] In this case, as shown in FIGS. 1 to 2, a bend- 
50 jng operation from the state that the finger mechanism 
2a is stretched is performed as follows. Specifically, 
when the finger mechanism 2a is bent from the state 
that the finger mechanism 2a is stretched, the first inter- 
joint element 21 is rotated around the shaft center of the 
55 joint shaft 23a of the first joint 23 with respect to the fixing 
element 20 (the first interjoint element 21 is rotated in a 
direction of an arrow y1 in FIG. 2) so that the first inter- 
joint element 21 approaches the hand 3 side, and the 
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second interjoint element 22 is rotated around the shaft 
center of the joint shaft 24a of the second joint 24 with 
respect to the first interjoint element 21 (the second in- 
terjoint element 22 is rotated in a direction of an arrow 
y2 in FIG. 2) so that a tip end of the second interjoint 
element 22 approaches the other finger mechanisms 2b 
to 2e. 

[0058] As biasing means for biasing this finger mech- 
anism 2a to the stretching side, a spring 26 shown in 
FIG. 2 and another spring not shown in the figure are 
provided. One end of the other spring not shown in the 
figure is locked onto the element for back of hand for- 
mation 1b of the hand 3, and the other end thereof is 
locked onto the first interjoint element 21 on the side 
closer to a rim of the hand 3 than the joint shaft 23a of 
the first joint 23. Thereby, the first interjoint element 21 
is biased to the stretching side of the finger mechanism 
2a (the opposite direction side of the arrow y1 in FIG. 2) 
by a biasing force of the other spring. Furthermore, one 
end of the spring 26 shown in FIG. 2 is locked onto the 
first interjoint element 21 , and the other end thereof is 
locked onto the second interjoint element 22 on the back 
side of the finger mechanism 2a as compared to the joint 
shaft 24a of the second joint 24 (almost on right side of 
the joint shaft 24a in FIG. 2). Thereby, the second inter- 
joint element 22 is biased to the stretching side of the 
finger mechanism 2a (the opposite direction side of the 
arrow y2 in FIG. 2) by a biasing force of the spring 26. 
[0059] As shown in FIGS. 1 and 2, a driving mecha- 
nism 27 for performing the bending and stretching op- 
erations of the finger mechanisms 2a to 2e configured 
as the foregoing is included in the hand 3. This driving 
mechanism 27 makes up driving means 28 of the 
present invention together with a motor 56 (actuator) de- 
scribed later. 

[0060] This driving mechanism 27 comprises five 
wires 29a, 29b, 30a, 30b and 31 (wire elements), two 
joining elements 32 and 33, and five pulleys 34 to 38. 
[0061] As shown in FIG. 1 , one end of the wire 29a is 
fixed to the side face portion on the guide pulley 1 9 side 
In the first interjoint element 7 of the finger mechanism 
2e, and the other end thereof is joined to a first joining 
portion 32a of the one joining element 32. Although not 
shown in the figure, similarly, one end of the wire 29b is 
fixed to a side face portion on the guide pulley 19 side 
in the first interjoint element 7 of the finger mechanism 
2d, and the other end thereof is joined to a second join- 
ing portion 32b of the one joining element 32. Similarly, 
one end of the wire 30a is fixed to a side face portion on 
the guide pulley 19 side in the first interjoint element 7 
of the finger mechanism 2c, and the other end thereof 
is joined to a first joining portion 33a of the other joining 
element 33, and one end of the wire 30b is fixed to a 
side face portion on the guide pulley 19 side in the first 
interjoint element 7 of the finger mechanism 2b, and the 
other end thereof is joined to a second joining portion 
33b of the other joining element 33. 
[0062] As shown in FIGS. 1 , 2 and 6, the joining ele- 



ments 32 and 33 are held inside of the hand 3 as follows. 
Specifically, a bracket 40 extending in the width direction 
of the hand 3 whose tip end bends is provided fixedly at 
a position closer to a wrist in the element for back of 

5 hand formation 1 b of the hand 3, and from the bracket 
40, an auxiliary element 41 is provided extensionally to- 
ward interspace between the finger mechanisms 2c and 
2d. On the center line of this auxiliary element 41 , a kerf 
41 a extending in the anteroposterior direction is formed, 

10 and a spindle 42 having a shaft center in the vertical 
direction is engaged in this kerf 41a. The spindle 42 is 
rendered movable along the kerf 41a in the anteropos- 
terior direction. Furthermore, a holding element 43 ex- 
tending in the width direction of the hand 3 is attached 

15 to the spindle 42. The holding element 43 is rendered 
rockable around the spindle 42, and movable along the 
kerf 41a in the anteroposterior direction together with 
the spindle 42. Then, link elements 43a and 43b are 
joined from both ends of the holding element 43, and 

20 the joining elements 32 and 33 are rockably joined to tip 
ends of the respective link elements 43a and 43b via 
spindles 44 and 45. 

[0063] Furthermore, in the joining element 32, the dis- 
tance from the spindle 44 to the first joining portion 32a 

25 is rendered smaller than that from the spindle 44 to the 
second joining portion 32b, so that with the spindle 44 
serving as a supporting point, the supporting point is 
closer to the first joining portion 32a. In the joining ele- 
ment 33, the distance from the spindle 45 to the first 

30 joining portion 33a is rendered smaller than that from 
the spindle 45 to the second joining portion 33b, so that 
with the spindle 45 serving as a supporting point, the 
supporting point is closer to the first joining portion 33a. 
Furthermore, in the holding element 43, the distance 

35 from the spindle 42 thereof to the spindle 44 of the join- 
ing element 32 on the side of the finger mechanisms 2d 
and 2e is rendered smaller than the distance from the 
spindle 42 to the spindle 45 of the joining element 33 on 
the side of the finger mechanisms 2b and 2c. 

40 [0064] This structure enables the joining elements 32 
and 33 to move together with the holding element 43 in 
the anteroposterior direction, and to rock around the 
spindle 42 between these joining elements 32 and 33. 
[0065] One end of the wire 31 , as shown in FIG. 2, is 

45 fixed to a tip end of the second interjoint element 22 of 
the finger mechanism 2a inside of the finger mechanism 
2a, and from the tip end, the wire 31 goes through an 
outer periphery of the joint shaft 24a of the second joint 
24 on the belly side of the finger mechanism 2a (an outer 

50 periphery of the joint shaft 24a on the left side in FIG. 
2), and an outer periphery of a guide pulley 46a attached 
to the joint shaft 23a so as to freely rotate around the 
joint shaft 23a of the first joint 23 inside of the finger 
mechanism 2a, and is drawn from the fixing element 20 

55 into the hand 3. In this case, inside of the first interjoint 
element 21, two guide pulley 46b and 46c for guiding 
the wire 31 from the tip end of the second interjoint el- 
ement 22 to the guide pulley 46a while orienting the wire 
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31 to a required direction are supported rotatably : and 
the part of the wire 31 between the joint shaft 24a and 
the guide pulley 46a is also wound around the guide pul- 
leys 46b and 46c. The guide pulley 46b is provided at 
such a position that a force in a bending direction of the 5 
finger mechanism 2a acts on the first interjoint element 
21 around the shaft center of the joint shaft 23a of the 
first joint 23 when the part of the wire 31 which is drawn 
from the fixing element 20 is pulled. Similarly, the guide 
pulley 46c is provided at such a position that the force io 
in the bending direction of the finger mechanism 2a acts 
on the second interjoint element 22 around the shaft 
center of the joint shaft 24a of the second joint 24 when 
the part of the wire 31 which is drawn from the fixing 
element 20 is pulled. 15 
[0066] Furthermore, the wire 31 drawn from the fixing 
element 20 of the finger mechanism 2a sequentially 
goes through outer peripheries of the pulleys 34 and 35, 
which are rotatably supported by the bracket 40 in re- 
quired postures at positions at the rear of the pulley 36 20 
and closer to the fixing element 20, and thereafter, is 
wound around an outer periphery on the front side in the 
pulley 36, which is rotatably supported concentrically 
with the spindle42 by the holding element 43. The pulley 
36 is equivalent to the pulley element according to the 25 
present invention. 

[0067] Furthermore, the wire 31, after being drawn 
rearward from the pulley 36, goes through outer periph- 
eries of the pulleys 37 and 38, which are rotatably sup- 
ported by the bracket 40 in required postures at the rear 30 
of the pulley 36, and penetrates the inside of the wrist 
base 4 to be introduced to the inside of the arm 5, as 
shown in FIG. 4. 

[0068] Incidentally, the pulleys 34, 35, 37 and 38 are 
intended to regulate the orientation and wiring position 35 
of the wire 31 , and mere rod-like elements may be fixed 
to the bracket 40 instead of these pulleys 34 : 35, 37 and 
38 as long as the elements have a relatively small fric- 
tion with the wire 31, and the wire 31 may be wound 
around outer peripherics of these rod-like elements. 40 
This is similar with respect to the guide pulleys 46a to 
46c provided in the finger mechanism 2a, and further 
similar with respect to the guide pulleys 1 9 of the finger 
mechanisms 2b to 2e around which the wires 29a, 29b, 
30a and 30b and the wires 18 relating to the biasing 45 
means are wound. 

[0069] Next, the substantial part structure of the arm 
5 to which the wire 31 drawn from the side of the hand 

3 is introduced will be described in reference to FIGS. 

4 and 5. so 
[0070] As shown in FIG. 4 ; the arm 5 is provided with 

a machine frame 51 on which an actuator or the like is 
mounted at a tip end inside of an arm housing 50 which 
forms an outer peripheral face portion thereof. Then, a 
joining shaft 52 which joins the wrist base 4 of the hand 55 
3 is rotatably supported by this machine frame 51 via a 
pair of bearings 53 and 54 with a shaft center thereof 
oriented toward a longitudinal direction of the arm 5, and 



on the rear side of the joining shaft 52 : a driving motor 
55 for rotating the hand 3 with respect to the arm 5 (here- 
inafter referred to as a motor for hand rotation 55) and 
the driving motor 56 for pulling the wire 31 (hereinafter 
referred to as the motor for finger driving 56) are mount- 
ed. 

[0071] A front end of the joining shaft 52 is projected 
from the inside of the arm housing 50, and the wrist base 
4 of the hand 3 is joined to the projected portion via a 
screw 57 concentrically with the joining shaft 52. This 
enables the hand 3 to rotate around a shaft center of the 
joining shaft 52 integrally with the joining shaft 52. Fur : 
thermore, a through-hole 52a is drilled in a shaft center 
portion of the joining shaft 52, and the wire 31 drawn 
from the hand 3 side is derived to the rear of the joining 
shaft 52 through the through-hole 52a. 
[0072] Furthermore, at the rear of the joining shaft 52, 
there is provided a winding-up shaft 58 extending in a 
direction straight to the shaft center of the joining shaft 
52, and this winding-up shaft 58 is rotatably supported 
by the machine frame 51 at the both ends. Then, the 
wire 31 derived from the through-hole 52a of the joining 
shaft 52 is locked onto this winding-up shaft 58, and by 
rotating the winding-up shaft 58 in a predetermined di- 
rection, the wire 31 is wound around the winding-up 
shaft 58 to be pulled. 

[0073] The motor for finger driving 56 is mounted on 
the machine frame 51 side by side and in parallel with 
the winding-up shaft 58, and a driving gear 59 attached 
to a rotation driving shaft 56a of the motor for finger driv- 
ing 56 is connected to a driven pulley 60 attached to the 
winding-up shaft 58 via a belt element 61 . Accordingly, 
the winding-up shaft 58 is rotationally driven, and the 
wire 31 is wound around the winding-up shaft 58 or the 
winding is released by normal rotation actuation and re- 
verse rotation actuation of this motor for finger driving 
56. 

[0074] Incidentally, the part of the wire 31 inside of the 
arm 5 is equivalent to the driving wire according to the 
present invention. 

[0075] Furthermore, a driven pulley 62 is attached by 
insertion to an outer peripheral portion of the joining 
shaft 52 so as to freely rotate integrally with the joining 
shaft 52. Then, the motor for hand rotation 55 is mount- 
ed on the machine frame 51 in a posture parallel to the 
joining shaft 52, and as shown in FIG. 5, a gear 63 at- 
tached to a rotation driving shaft 55a of the motor for 
hand rotation 55 is connected to the driven pulley 62 of 
the joining shaft 52 via a belt element 64. Accordingly, 
the joining shaft 52 is rotationally driven by normal rota- 
tion actuation and reverse rotation actuation of the mo- 
tor for hand rotation 55, and herewith, the hand 3 rotates 
around the shaft center of the joining shaft 52 together 
with the wrist base 4 joined to the joining shaft 52. 
[0076] Incidentally, according to the present embodi- 
ment, the joining shaft 52 and the wire 31 are made of 
an insulating material such as a resin material. Further- 
more, the arm housing 50, including a part 50a in which 
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it contacts the wrist base 4 (refer to FIG. 4), is made of 
a resin material. Accordingly, the arm 5 and the hand 3 
are insulated electrically. 

[0077] Furthermore, inside of the housing 50 : there is 
provided an encoder for detecting a rotational position 
of the motor for hand rotation 55 (this is equivalent to a 
rotational position of the hand 3 with respect to the arm 
5) and a rotational position of the motor for finger driving 
56 (this is equivalent to a winding-up amount of the wire 
31 onto the winding-up shaft 58), the drawing of which 
is omitted. Then, control over the actuation of the motor 
for hand rotation 55 and the motor for finger driving 56 
is performed by a controller not shown in the figure on 
the basis of detection data of the encoder or the like. 
[0078] Next, the actuation of the multi-finger hand de- 
vice 1 according to the present embodiment will be de- 
scribed. Firstly, the fundamental actuation of the multi- 
finger hand device 1 will be described. Among the finger 
mechanisms 2a to 2e, the finger mechanisms 2b to 2e 
stay stretched by the biasing forces of the springs 16 
corresponding to the respective finger mechanisms as 
shown in FIGS. 1 and 2 at normal time. Similarly, the 
finger mechanism 2a, as shown in FIGS. 1 and 2, stays 
stretched by the biasing force of the spring 26 and the 
other spring not shown in the figure at normal time. 
[0079] In this state, when the motor for finger driving 
56 inside of the arm 5 is actuated to rotationally drive 
the winding-up shaft 58 toward a winding-up direction 
of the wire 31 extending from the hand 3 into the arm 5, 
the wire 31 is pulled in a direction indicated by an arrow 
y3in FIGS. 1 and2. At this time, the tip end of the second 
interjoint element 22 of the finger mechanism 2a is 
pulled toward the bending side of the finger mechanism 
2a via the wire 31 , and the pulley 36 is pulled rearward. 
Then, basically, the holding element 43 and the joining 
elements 32 and 33, together with this pulley 36, move 
rearward from a state shown in FIG. 6(a) to that shown 
in FIG. 6(b), and consequently, the first interjoint ele- 
ments 7 and 7 of the finger mechanisms 2d and 2e are 
pulled toward the bending side of the fingermechanisms 
2d and 2e via the wires 29a and 29b, and the first inter- 
joint elements 7 and 7 of the finger mechanisms 2b and 
2c are pulled toward the bending side of the fingermech- 
anisms 2b and 2c via the wires 30a and 30b. Thereby, 
all of the finger mechanisms 2a to 2e are bent so as to 
hold an object, which is not shown in the figure, there- 
between. In other words, the wire 31 is pulled from the 
hand 3 side to the arm 5 side by the driving force of the 
single motor for finger driving 56 to be wound up around 
the winding-up shaft 58, thereby performing the bending 
operations of the five finger mechanisms 2a to 2e col- 
lectively. Thereby, work such as holding an object can 
be performed using the finger mechanisms 2a to 2e. 
[0080] On the other hand, in the multi-finger hand de- 
vice 1 according to the present embodiment, in the 
bending operations of the finger mechanisms 2a to 2e 
as described above., when the holding element 43 and 
the joining elements 32 and 33 move rearward, the hold- 



ing member 43 is inclined to move the joining element 
32 on the side of the finger mechanisms 2d and 2e 
slightly earlier, since the distance from the spindle 42 of 
the holding element 43 to the spindle 44 of the joining 
5 element 32 on the side of the finger mechanisms 2d and 
2e is rendered smaller than the distance from the spin- 
dle 42 to the spindle 45 of the joining element 33 on the 
side of the finger mechanisms 2b and 2c, as is shown 
in FIG. 6(b). Furthermore, in the joining elements 32 and 
33, since the distances from the respective spindles 44 
and 45 to the first joining portions 32a and 33a are ren- 
dered smaller than the distances from the respective 
spindles 44 and 45 to the second joining portions 32b 
and 33b, the respective joining elements 32 and 33 are 
inclined, so that the wire 29a is pulled with an earlier 
timing than the wire 29b and the wire 30a is pulled with 
an earlier timing than the wire 30b. Thereby, the finger 
mechanisms 2e, 2d, 2c and 2b can be continuously bent 
with a slight delay in this sequence to thereby imitate a 
gripping operation in a natural form like that of a human 
hand. Incidentally, although such a bending operation 
sequence of the finger mechanisms 2a to 2e can be re- 
alized by setting the biasing forces of the springs 1 6 so 
as to be decreased in the order of 2e, 2d, 2c and 2b, the 
springs 1 6 of plural types having different biasing forces 
need to be used, which not only makes the handling 
troublesome but causes a possibility of improper mount- 
ing. In contrast, according to the present embodiment, 
the bending and stretching operation sequence of the 
finger mechanisms can be set mechanically by the sup- 
porting point position corresponding to the spindle 42 of 
the holding element 43 and the supporting point posi- 
tions corresponding to the spindles 44 and 45 of the re- 
spective joining elements 32 and 33, so that the bending 
and stretching operation sequence of the finger mech- 
anisms imitating a human hand can be achieved more 
easily than the case using the springs 16 having plural 
types of biasing forces. 

[0081] In addition, according to the multi-finger hand 
device 1 of the present embodiment, even if any one of 
the finger mechanisms touches an object to be held and 
is disabled to bend further, the bending operations of the 
other finger mechanisms can be performed. Specifical- 
ly, during the bending operations of the finger mecha- 
nisms 2a to 2e : for example, even if the finger mecha- 
nism 2e touches an object not shown in the figure and 
is disabled to bend further, as long as the finger mech- 
anism 2d next to this finger mechanism 2e can bend fur- 
ther, the joining element 32 , to which the wire 29a joined 
to this finger mechanism 2e is joined, can absorb an 
amount in which the wire 29a cannot be pulled, by bal- 
ance-like inclination via the spindle 44, and can move 
toward the rear side while pulling the wire 29b of the 
finger mechanism 2d. 

[0082] Furthermore, similarly, the joining element 33, 
to which the wires 30a and 30b provided extensionally 
from the finger mechanisms 2b and 2c are joined, can 
move toward the rear side while inclining via the spindle 
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45 as long as at least any one of the finger mechanisms 
2b and 2c can bend further. Furthermore, as for the fin- 
ger mechanism 2a, as long as it can bend further, by 
winding up the wire 31 around the winding-up shaft 58 
inside of the arm 5, the length of a part from the pulley 
34 of the wire 31 to the tip end of the finger mechanism 
2a is decreased, so that the bending operation of the 
finger mechanism 2a is performed. 
[0083] Still furthermore, when the finger mechanism 
2a cannot bend any more., the length of the part of the 
wire 31 from the pulley 34 to the tip end of the finger 
mechanism 2a docs not vary, however, by winding up 
the wire 31 around the winding-up shaft 58 inside of the 
arm 5, the pulley 36 moves toward the rear side together 
with the joining elements 32 and 33 on both sides there- 
of via the holding element 43. Therefore, the bending 
operations of the finger mechanisms 2b to 2e can be 
performed without any problem. 
[0084] In this way, even when any one of the finger 
mechanisms is disabled to bend, since the joining ele- 
ments 32 and 33 can be moved toward the arm 5 side 
together with the pulley holding element 43 and the pul- 
ley 36 while winding up the wire 31 around the winding- 
up shaft 58, the bending operations of the other finger 
mechanisms which can bend can be performed without 
any problem. 

[0085] Furthermore, in the bending operations of the 
finger mechanisms 2a to 2e, even when any two of the 
finger mechanisms touch an object to be held or the like 
and thereby are disabled to bend further, the bending 
operations of the other finger mechanism can be per- 
formed. For example, when both the f inger mechanisms 
2c and 2d among the finger mechanisms 2b to 2e are 
disabled to bend, both the respective joining elements 
32 and 33 can incline via the spindles 44 and 45 to ab- 
sorb amounts in which the wires 29b and 30a cannot be 
pulled and move rearward while pulling the wires 29a 
and 30b. Meanwhile, as for the finger mechanism 2a, 
by the winding-up of the wire 31 around the winding-up 
shaft 58, the length of the part of the wire 31 from the 
pulley 34 to the tip end of the finger mechanism 2a is 
decreased, so that the bending operation of the finger 
mechanism 2a is performed. This is similar in a case 
where a pair of the finger mechanisms 2b and 2d, a pair 
of the finger mechanisms 2b and 2e, or a pair of the fin- 
ger mechanisms 2c and 2e are disabled to bend. 
[0086] Furthermore, in a case where the finger mech- 
anism 2a and any one of the finger mechanisms 2b to 
2e are disabled to bend, as in the above-mentioned cas- 
es, since the joining elements 32 and 33 can also move 
rearward together with the pulley 36, the other finger 
mechanisms can perform the bending operations by the 
winding-up of the wire 31 around the winding-up shaft 
58. 

[0087] Furthermore, in a case where a pair of the fin- 
ger mechanisms 2b and 2c, or a pair of the finger mech- 
anisms 2d and 2e are disabled to bend further, the other 
finger mechanisms can also perform the bending oper- 



ations. For example, in the case where the pair of the 
finger mechanisms 2b and 2c are disabled to bend, 
since neither of the wires 30a and 30b can be pulled, 
the joining element 33 joined to the wires 30a and 30b 
5 cannot move rearward. On the other hand, the holding 
element 43 holding both of the joining elements 32 and 
33 via the link elements 43a and 43b can absorb an 
amount in which the joining element 33 cannot move, 
by balance-like inclination via the spindle 42 to thereby 
10 move toward the rear side (the arm 5 side) . Thereby, the 
joining element 32 joined to the wires 29a and 29b, 
which can be pulled, moves toward the rear side by the 
inclined holding element 43. In this way, even when the 
pair of the finger mechanisms 2b and 2c are disabled to 
15 bend, the bending operations of the other finger mech- 
anisms 2a, 2d and 2e can be performed while winding 
up the wire 31 around the winding-up shaft 58 inside of 
the arm 5. This is similar in the case where the pair of 
the finger mechanisms 2d and 2e is disabled to bend. 
20 [0088] Similarly, in a case where any three finger 
mechanisms of the finger mechanisms 2a to 2e are dis- 
abled to bend further, the two remaining finger mecha- 
nisms can also perform the bending operations, and fur- 
thermore, in a case where any four finger mechanisms 
25 of the finger mechanisms 2a to 2e are disabled to bend 
further, the bending operation of the one remaining 
mechanism can also be performed. In this case, in a 
case where the finger mechanism 2a and any three fin- 
ger mechanisms of the finger mechanisms 2b to 2e are 
30 disabled to bend, basically, the one remaining finger 
mechanism can perform the bending operation by rock- 
ing the holding element 43. Furthermore, in a case 
where the four finger mechanisms 2b to 2e except for 
the finger mechanism 2a are disabled to bend, the hold- 
35 jng element 43, the joining elements 32 and 33 support- 
ed pivotally by the same, and the pulley 36 are disabled 
to move rearward, however, by the winding-up of the 
wire 31 around the winding-up shaft 58, the length of the 
part of the wire 31 from the pulley 34 to the tip end of 
40 the finger mechanism 2a is decreased, so that the bend- 
ing operation of the finger mechanism 2a is performed. 
[0089] As described above, in the multi-finger hand 
device 1 according to the present embodiment, the wire 
31 is wound up around the winding-up shaft 58 by the 
45 driving force of the single motor for finger driving 56, so 
that the bending operations of all the finger mechanisms 
2a to 2e can be performed collectively. Accordingly, in- 
stead of providing the actuator for operating each of the 
finger mechanisms 2a to 2e, work such as holding an 
50 object not shown in the figure can be performed by the 
five finger mechanisms 2a to 2e with a small number of 
actuators. In addition, in this case, even when any of the 
finger mechanisms 2a to 2e touches an object or the 
like, and is disabled to bend further, since the bending 
55 operations of the other finger mechanisms can be per- 
formed, the holding of the object by the finger mecha- 
nisms 2a to 2e can be securely performed without any 
problem. 
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[0090] Incidentally, in the above-mentioned descrip- 
tion, the bending operations of the finger mechanisms 
2a to 2e from the stretching state are described, how- 
ever, a similar effect can be brought about in the case 
where the finger mechanisms 2a to 2e are stretched 5 
from the bending state. Specifically, for example if a pull- 
ing force of the wire 31 (a winding-up force around the 
winding-up shaft 58) by the motor for finger driving 56 
is released from the state in which the finger mecha- 
nisms 2a to 2e are bent basically, the finger mecha- 10 
nisms 2b to 2e stretch by the biasing forces of the 
springs 1 6 corresponding to the respective finger mech- 
anisms, while the finger mechanism 2a stretches by the 
biasing forces of the spring 26 and the other spring not 
shown in the figure. At this time, even if any of the finger 15 
mechanisms 2a to 2e touches an obstacle or the like 
and is disabled to stretch further, the other finger mech- 
anisms 2a to 2e can stretch without any problem by the 
movement of the joining elements 32 and 33 and the 
pulley 36 in the anteroposterior direction, and the rock- 20 
ing of the holding element 43 holding the same. 
[0091] Furthermore, in the multi-finger hand device 1 
according to the present embodiment, by actuating the 
motor for hand rotation 55 inside of the arm 5, the hand 
3 is rotated around the shaft center of the joining shaft 25 
52 together with the joining shaft 52. At this time, since 
the wire 31 extending from the hand 3 side to the inside 
of the arm 5 extends along the shaft center of the joining 
shaft 52 which is a rotation shaft center of the hand 3, 
the hand 3 rotates without pulling the wire 31 . Therefore, 30 
the hand 3 can be rotated with respect to the arm 5 with- 
out any problem, not affecting the bending and stretch- 
ing state of the finger mechanisms 2a to 2e. 
[0092] Furthermore, in the multi-finger hand device 1 
according to the present embodiment, since the part on 35 
the tip end side from the second joint 11 of each of the 
finger mechanisms 2b to 2e except for the finger mech- 
anism 2a (the part made of the second interjoint element 
8, the third interjoint element 9, the third joint 12, and 
the link arm 15) is identical to each other In shape and 40 
size of the respective components, spares thereof can 
be shared by each other, and the number of types of 
components required for the multi-finger hand device 1 
is reduced, which makes the component management 
easier. 45 
[0093] Furthermore, in the multi-finger hand device 1 
according to the present embodiment, with regard to 
each of the finger mechanisms 2b to 2e, through the link 
mechanism 13, by rotating the first interjoint element 7 
closest to the hand 3 around the shaft center of the joint 50 
shaft 10a of the first joint 10 with respect to the fixing 
element 6, the second interjoint element 8 and the third 
interjoint element 9 conjunctionally rotate with respect 
to the first interjoint element 7 and the second interjoint 
element 8, respectively, so that the bending and stretch- 55 
ing of each of the finger mechanisms 2b to 2e can be 
performed. Therefore., in the wires 29a and 29b, the 
length from the joining element 32 to fixing points with 



respect to the finger mechanisms 2d and 2e can be 
shortened, and similarly, in the wires 30a and 30b, the 
length from the joining element 33 to fixing points with 
respect to the finger mechanisms 2b to 2c can be short- 
ened. Accordingly, the whole required length of these 
wires 29a, 29b, 30a and 30b is shortened, which is ad- 
vantageous in view of cost. 

[0094] Furthermore, in the multi-finger hand device 1 
according to the present embodiment, since the hand 3 
is electrically insulated with respect to the arm 5 as de- 
scribed above, even if the hand 3 is put into water, cur- 
rent flowing in the electrical components such as the 
motors 55 and 56 inside of the arm 5 does not leak to 
the hand 3 side. Consequently, the multi-finger hand de- 
vice 1 allows the work of holding an object in water or 
the like to be performed without any problem. 
[0095] Incidentally, the present invention is not limited 
to the above-mentioned embodiment, but for example, 
the following modified embodiment is also possible. Ac- 
cording to the above-mentioned embodiment, although 
the finger mechanisms 2a to 2e are designed to be bi- 
ased to the stretching side, they may be designed to be 
biased to the bending side. The embodiment of this case 
can be configured by changing the multi-finger hand de- 
vice 1 according to the above-mentioned embodiment 
as follows, for example. Specifically, each of the finger 
mechanisms 2b to 2e comprising the link mechanism 1 3 
is biased to the bending side of the respective finger 
mechanisms 2b to 2e, for example, by a power spring 
provided in the first joint 10 or the like instead of con- 
necting the spring 16 to the first interjoint element 7. 
Then, the wires 29a, 29b, 30a and 30b extensionally 
provided from the first interjoint elements 7 of the re- 
spective finger mechanisms 2b to 2e are extended to 
the hand 3 side via the outer peripheries on the lower 
side of the corresponding guide pulleys 1 9 of the respec- 
tive finger mechanisms 2b to 2e (the outer peripheries 
closer to the face portions on the back side of respective 
finger mechanisms 2b to 2e). Furthermore, the finger 
mechanism 2a is biased to the bending side, for exam- 
ple, by power springs provided in the first and second 
joints 23 and 24, respectively or the like, instead of bi- 
asing to the stretching side by the spring 26 and the oth- 
er spring not shown in the figure. Then, a wiring route 
of the wire 31 inside of the finger mechanism 2a is ad- 
justed so as to stretch the finger mechanism 2a when 
the wire 31 provided extensionally from the tip end of 
the finger mechanism 2a is pulled (for example, the wire 
31 is wired so as to be taken along the face portion on 
the back side of the finger mechanism 2a). 
[0096] The structures other than the foregoing may be 
identical to those of the multi-finger hand device 1 ac- 
cording to the above-mentioned embodiment. When the 
multi-finger hand device is configured in this manner, by 
pulling the wire 31 to the inside of the arm 5 : the stretch- 
ing operations of the finger mechanisms 2a to 2e are 
performed collectively. At this time, even if any of the 
finger mechanisms 2a to 2e touches an object or the like 
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and is disabled to stretch, the stretching operations of 
the remaining finger mechanisms can be performed by 
the actuation similar to that in the above-mentioned em- 
bodiment. 

[0097] Furthermore, in the above-mentioned embod- 
iment, the bending operations of the finger mechanisms 
2a to 2e are performed by introducing the wire 31 joined 
to the finger mechanism 2a to the inside of the arm 3 
and pulled by the motor for finger driving 56, however, 
by fixing the end of the wire 31 derived from the pulley 
38 to the hand 3 and pulling an intermediate portion of 
the wire 31 , the bending operations of tho finger mech- 
anisms 2a to 2e can also be performed. In this case, for 
example, the pulley 37 in the above-mentioned embod- 
iment is held rotatably by the pulley holding member 
which is movable in the anteroposterior direction, and 
the wire element is drawn from this holding element 43 
to the inside of the arm 5. Then, this wire element is 
pulled by the actuator provided inside of the arm 5, so 
that the bending operations of the finger mechanisms 
2a to 2e can be performed. 

[0098] Furthermore, according to the above-men- 
tioned embodiment, the finger mechanisms 2b to 2e are 
provided with the link mechanisms 13, and by pulling 
the wires 29a, 29b, 30a, and 30b provided extensionally 
from the first interjoint elements 7 of the respective fin- 
ger mechanisms 2b to 2e, and rotating the first interjoint 
elements 7 around the shaft center of the first joint shafts 
10a of the first joints 10, the second interjoint elements 
8 and 9 are conjunctionally rotated, so that the bending 
and stretching operations of the respective finger mech- 
anisms 2b to 2e are performed, while it is also possible 
to perform the bending and stretching operations of the 
respective finger mechanisms 2b to 2e, for example, by 
pulling the wire elements provided extensionally from 
the second interjoint elements 8 of the respective finger 
mechanisms 2b to 2e to rotate the second interjoint el- 
ements 8. In this case, for example, one end of each of 
the wires 29a and 29b in the above-mentioned embod- 
iment is fixed to the second interjoint element 8 of each 
of the finger mechanisms 2d and 2e at a position closer 
to the belly thereof, and one end of each of the wire 30a 
and 30b is fixed to the second interjoint element 8 of 
each of the finger mechanisms 2b and 2c at a position 
closer to the belly thereof. Then, by moving the joining 
elements 32 and 33 toward the rear side (the arm 5 side) 
to pull the wires 29a, 29b, 30a and 30b, the second in- 
terjoint element 8 and the first interjoint element 7 of 
each of the finger mechanisms 2b to 2e are rotated 
around the joint shafts of the second joint 11 and the 
third joint 12, respectively. Furthermore, the first inter- 
joint element 7 and the third interjoint element 9 of each 
of the finger mechanisms 2b to 2e may be joined by the 
link arm 15 according to the above-mentioned embodi- 
ment so as to rotate the third interjoint element 9 around 
a shaft center of the joint shaft 1 2a of the third joint 1 2 
in conjunction with the rotation of the second interjoint 
element 8. 



[0099] Furthermore, in the above-mentioned embod- 
iment, the multi-finger hand device 1 provided with the 
five finger mechanisms 2a to 2e to imitate a human hand 
is described, however, the present invention can natu- 
s rally be applied to, for example, a multi-finger hand de- 
vice provided with three or four finger mechanisms. 

INDUSTRIAL APPLICABILITY 

10 [0100] As described above, the present invention is 
useful as a hand device of a robot such as a humanoid, 
which performs various kinds of work by a plurality of 
finger mechanisms provided extensionally from a hand. 

15 

Claims 

1 . A multi-finger hand device comprising: 

20 a hand attached to a tip end of an arm; 

a plurality of finger mechanisms provided ex- 
tensionally from the hand each of which is 
structured to sequentially connect a plurality of 
interjoint elements via finger joints; 

25 biasing means for biasing the respective finger 

mechanisms to any one of the stretching direc- 
tion and the bending direction; 
wire elements provided extensionally from the 
respective finger mechanisms to the hand side; 

30 and 

driving means for performing bending opera- 
tions or stretching operations of the finger 
mechanisms by pulling the wire elements pro- 
vided extensionally from the respective finger 

35 mechanisms against biasing forces of the bias- 

ing means, wherein: 

the driving means comprises a joining ele- 
ment having a pair of joining portions which 

40 join ends on the hand side of the two wire 

elements provided extensionally from at 
least two finger mechanisms of the plurality 
of finger mechanisms respectively with a 
space left therebetween, and a holding el- 

45 ement which rockably holds the joining el- 

ement via a supporting point provided be- 
tween both the joining portions of the join- 
ing element and can move in a pulling di- 
rection of the two wire elements; and when 

50 the bending operations or the stretching 

operations of the two finger mechanisms 
are performed, the wire elements provided 
extensionally from the two finger mecha- 
nisms are pulled by moving the holding el- 

55 ement. 

2. A multi-finger hand device comprising: 



27 



EP 1 457 294 A1 



28 



a hand attached to a tip end of an arm; 
at least four or more finger mechanisms provid- 
ed extensionally from the hand each of which 
is structured to sequentially connect a plurality 
of interjoint elements via finger joints; 5 
biasing means for biasing the respective finger 
mechanisms to any one of the stretching direc- 
tion and the bending direction; 
wire elements provided extensionally from the 
respective finger mechanisms to the hand side; 10 
and 

driving means for performing bonding opera- 
tions or stretching operations of the finger 
mechanisms by pulling the wire elements pro- 
vided extensionally from the respective finger 15 
mechanisms against biasing forces of the bias- 
ing means, wherein; 

the driving means comprises two joining ele- 
ments each having a pair of joining portions 
wherein at least four finger mechanisms of the 20 
plurality of finger mechanisms are classified in- 
to two pairs and the joining portions join ends 
on the hand side of the two wire elements pro- 
vided extensionally from the two finger mecha- 
nisms of each of the two pairs with a space left 25 
therebetween, and a holding element which 
rockably holds the two joining elements with a 
space left therebetween via supporting points 
each provided between both the joining por- 
tions in each of the joining elements and can 30 
move in a pulling direction of the wire elements 
provided extensionally from the four finger 
mechanisms respectively and can rock around 
a supporting point provided between the two 
joining elements; and when the bending oper- 35 
ations or the stretching operations of the four 
finger mechanisms are performed, the wire el- 
ements provided extensionally from the four fin- 
ger mechanisms are pulled by moving the hold- 
ing element. *o 

The multi-finger hand device according to claim 1 , 
comprising at least three or more said finger mech- 
anisms, wherein: 

45 

the driving means comprises a pulley element 
onto which the wire element provided exten- 
sionally from the one finger mechanism other 
than the two finger mechanisms is wound and 
which is held rotatably by the holding element; so 
and when the bending operations or the 
stretching operations of the two finger mecha- 
nisms and the one other finger mechanism are 
performed: the wire element provided exten- 
sionally from the one other finger mechanism 55 
is pulled in such a direction that the pulley ele- 
ment moves in a pulling direction of the wire el- 
ements provided extensionally from the two fin- 



ger mechanisms together with the holding ele- 
ment. 

4. The multi-finger hand device according to claim 2, 
comprising at least five or more said finger mecha- 
nisms, wherein: 

the driving means comprises a pulley element 
onto which the wire element provided exten- 
sionally from the one finger mechanism other 
than the four finger mechanisms is wound and 
which is hold rotatably by the holding element 
between the two joining elements; and when 
the bending operations or the stretching oper- 
ations of the four finger mechanisms and the 
one other finger mechanism are performed, the 
wire element provided extensionally from the 
one other finger mechanism is pulled in such a 
direction that the pulley element moves in a 
pulling direction of the wire elements provided 
extensionally from the four finger mechanisms 
together with the holding element. 

5. The multi-finger hand device according to claim 2, 
wherein the supporting point provided between the 
two joining elements is located closer to any one of 
the joining elements. 

6. The multi-finger hand device according to any one 
of claims 1 to 5, wherein the supporting point pro- 
vided between both the joining portions of the join- 
ing element is located closer to any one of the join- 
ing portions. 

7. The multi-finger hand device according to any one 
of claims 1 to 5, wherein the joining element is held 
by the holding element via a link element provided 
consecutively and rockably to the holding element. 

8. The multi-finger hand device according to any one 
of claims 1 to 5, wherein at least one finger mech- 
anism of the plurality of the finger mechanisms has 
a link mechanism joined to the plurality of interjoint 
elements of the finger mechanism , so that rotational 
operations around the other finger joints are per- 
formed in conjunction with a rotational operation of 
the interjoint element continued into the finger joint 
closest to the hand around the finger joint, and the 
wire element provided extensionally from the finger 
mechanism is provided extensionally from the inter- 
joint element closest to the hand. 

9. The multi-finger hand device according to any one 
of claims 1 to 5, wherein the two or more interjoint 
elements of each of the two or more finger mecha- 
nisms among the plurality of finger mechanisms 
have an identical structure. 
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10. The multi-finger hand device according to any one 
of claims 1 to 5, wherein: 

the hand is provided rotatably around a shaft 
center extending in a substantially longitudinal 5 
direction of the arm; 

the driving means comprises at least one driv- 
ing wire element provided extensionally from 
the hand to the inside of the arm, and an actu- 
ator for applying to the driving wire element a io 
driving force for pulling the driving wire element 
toward the inside of the arm , the driving means 
transmitting the force of pulling the wire ele- 
ments provided extensionally from the respec- 
tive finger mechanisms from the actuator to the 15 
hand side via the driving wire element; and 
the driving wire element is arranged into the 
arm along the rotation shaft center of the hand. 

1 1 . The multi-finger hand device according to claim 1 0, 20 
wherein the arm and the hand are insulated electri- 
cally, and the driving wire element is formed of an 
insulating material. 
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TITLE 



ROBOT HAND 



ABSTRACT : PROBLEM TO BE SOLVED: To enable the same movement as human fingers by 

enhancing the degree of freedom of fingers by orthogonally crossing two joint shafts on 
the root side of each finger at a point and independently driving the two joints by providing 
two motors on the palm. 

SOLUTION: A joint shaft 7 and a joint shaft 8 are crossed at a point and are orthogonally 
crossed. A motor 1 1 and a motor 12 are fixed by being overlapped on the palm. Further, 
the structure is made to have a mechanism in which revolution around the joint shaft 8 and 
revolution around the joint shaft 7 are made possible by a bevel gear at the inside of an 
asymmetric differential reduction gear 19. When the motor 1 1 and the motor 12 perform 
the same angle revolution in each opposite direction, fingers revolve around the joint shaft 
8 via the bevel gear at the inside of the asymmetric differential reduction gear 19. When 
the motor 1 1 is fixed and the motor 12 is revolved, the fingers revolve around the joint 
shaft 7. Because the joint shafts 7 and 8 are provided at the locations near the surface 
side of the palm, movement similar to the movement of the human hands can be made. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the mechanism composition in a human-being 
type (hyperdactyly many joints) robot hand similar to the shape of human beings hand. 
[0002] 

[The outline and its problem of a Prior art] As a conventional human-being type robot hand, 
"Literature Roderic A. grupen,et.al.,A survey of general-purpose manipulation, International 
Journal of Robotics. Researches, Vol. 8, and the Utah/MIT hand indicated to No.1-1989" are 
known well. This hand installs the motor for which each finger drives those with 4 joints, and 
each knuckle with 4 fingers in a fixed side, and the transmitting power between a motor and a 
knuckle has a complicated structure through a wire rope. Although the shape of the hand was 
similar to human being's hand, since the motor was installed in the fixed side, when a hand was 
attached at the tip of the arm of a robot, movement of the robot was restrained greatly. 
[0003] Literature "M. E.Rosheim and Robot, evolution and John Wiley. &. Sons, Inc., To 1994." 
The indicated Omni hand. "Literature R. Tomovic rt. al., Astrategy for grasp synpaper with 
multifingered robot hand, IEEE international Conference on. Although Robotics and Automation, 
pp.83-89, and the Beigrade/USC hand of 1987" have structure which carries the motor which 
drives a joint in a hand and does not pass a wire rope, As for the joint number of each finger, 
four joints do not have the former like the finger of 3 and human being, and there are only the 
latters of only four flexibility on the whole for the composition in which each finger drives the 
whole hand by four motors with five fingers although indices are four joints. For this reason, 
each finger was difficult for movement which each [ with 4 joints ] finger was not devised as for 
the mechanism of 3 or more flexibility, but was similar to human being's hand like human beings 
finger. 

[0004] "Literature Li-Ren Lin and Han=pang Hung, Integrating Fuzzy Control ofthe Dexterous 
National Taiwan University(NTUHand, IEEE/ASMW Tranzaction on Mechatronics, Vol. 1, No.3, 
pp.21 6-229, and the NTU hand of 1996" carry a motor, and the thumb and an index finger other 
fingers by four joints with 5 fingers 3 joint ****, There are the first joint and the second joint of 
the Nemoto part of a finger, and they do not lie at right angles to the position of torsion. On the 
other hand, as for human beings finger, the first joint and the second joint lie at right angles 
mostly. For this reason, human being's finger and similar movement are difficult. 
[0005]In the robot hand which builds in the conventional motor as mentioned above, there is 
little flexibility of a finger, or there is nothing that two joints by the side of the origin intersected 
perpendicularly and provided by one point, and a motion which is different from movement of 
human beings finger for this reason was carried out. 
[0006] 

[Means for Solving the Problem]A robot hand concerning this invention arranges in the palm a 
motor which an axis of two joints by the side of the origin of a finger is made to intersect 
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perpenaicuiany oy one point, ana anves tnose joints, ana it rorms it so tnat anving torce or a 

motor may be told to a joint via unsymmetrical differential reduction gears. 
- [0007]In this invention, since it can rotate by a circumference of two axes can build a motor 

which drives a joint of a finger in a hand, and axes and the Nemoto part of a finger cross at right 
. angles, the same motion' as human being's finger is possible. 

[0008] 

[Example](1) Drawing 1 of composition is one example of this invention, Drawing 2 is a detail 
view of the thumb and Drawings 3 are a detail view of unsymmetrical differential reduction 
gears, and a detail view of the finger of others [ Drawing / 4 ] other than the thumb, in these 
figures — 1 — the thumb and 2 — an index finger and 3 — the middle finger and 4 — the ring 
finger and 5 — a digitus minimus and 6 — a palm and 7 — the 1st joint of the procuration, and 
8 — as for the 3rd joint of the procuration, and 10, the 2nd motor and 13 the 3rd motor and 14 
the 4th motor the 1st motor and 12 for the 4th joint of the procuration, and 11 the 2nd joint of 
inner abduction, and 9, 15 — the encoder for the 1st motor, and 16 — as for asymmetrical type 
differential reduction gears and 20, the encoder for the 3rd motor and 18 are [ a worm reducer 
and 22 ] 6 axis sense-of-force sensors articulated-axis integral-type reduction gears and 21 
the encoder for the 4th motor, and 1 9 the encoder for the 2nd motor, and 1 7. 23 to 27 is the 
5th bevel gear from the 1st bevel gear, and 28 is the Section 4 link mechanism. 
(2) The example of ****** is a robot hand of 5 fingers similar to human being's hand, and shows 
the operation below. 

[0009]The rotation of each motor of 1 1 to 14 is detectable with the encoder for motors of 15 to 
18 linking directly to a motor shaft. The axis of each joint of 7, 9, and 10 is parallel respectively, 
and the articulated axis of 7 and the articulated axis of 8 cross and lie at right angles by one 
point. The 1st motor of 1 1 and the 2nd motor of 12 are fixed to the palm of 6 in piles. The 
operation of the thumb of 1 is as follows. By the 4th motor of 14, the articulated axis of 10 
which carried out axial rotation 90 degrees with the motor shaft via the worm reducer of 21 can 
be driven. By the 3rd motor of 13, the articulated axis of 9 which carried out axial rotation 90 
degrees with the motor shaft via the articulated-axis integral-type reduction gears of 20 can be 
driven. In the asymmetrical type differential reduction gears of 19, it is a mechanism in which 
rotation of the circumference of the axis of the 2nd joint of 8 and rotation of the circumference 
of the axis of the 1st joint of 7 are possible by making the axis of the 3rd bevel gear of 25 
hollow, and making the axis of the 4th bevel gear of 26 penetrate, here, they of the 1 st motor of 
1 1 and the 2nd motor of 1 2 are the same as that of a reverse direction — if angle rotation is 
carried out, a finger will rotate by the circumference of the axis of the 2nd joint of 8 via the 
bevel gear inside the asymmetrical type differential reduction gears of 1 9. If the 1 st motor of 1 1 
is fixed and the 2nd motor of 12 is rotated, a finger will rotate around the first articulated axis of 
7. Since angle of rotation of the circumference of the articulated axis of 7 can take greatly by 
adoption of the asymmetrical type differential reduction gears of 19 and an articulated axis can 
be provided in the position near the surface side of the palm of 6, an exterior can also perform 
the motion similar to a motion of human being's hand. 

[0010]The place where the index finger of 2, the middle finger of 3, the ring finger of 4, and the 
digitus minimus of 5 differ from the thumb of 1 is the point is interlocked with the motor of 13 
via the Section 4 link mechanism of 28 in the 4th articulated axis of 10, and it was made to 
move. Therefore, the 3rd joint of 9 and the 4th joint of 10 can be simultaneously rotated in the 
same direction by the 3rd motor of 1 3. 
[0011] 

[Effect of the InventionjBy such composition, as for the thumb, the finger of those with 4 joint 4 
flexibility and others serves as 4 joint 3 flexibility, furthermore — the axis of the 1st joint and 
the 2nd joint in the Nemoto part of each finger intersects perpendicularly — and the 2nd joint 
of 7 — a palm — since it is set to the side, similar movement can be performed with human 
being's finger. Although the 3rd joint and the 4th joint interlock and human beings finger moves 
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13 and this mechanism also moves, similar movement can be performed with human being's 
finger. 

[0012]In the example of this invention, although it is considered as 5 fingers, it is not necessarily 
limited to 5 fingers, and the robot hand of 3-5 finger can be carried out similarly. Although the 
thumb was made into 4 joint 4 flexibility, it has the same composition as other fingers, and the 
robot hand of 4 joint 3 flexibility can also be carried out. 
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TITLE : HUMAN BODY TYPE ROBOT HAND 




ABSTRACT : PROBLEM TO BE SOLVED: To provide a human body type robot hand having a bending 
and stretching function of each finger, a moving function facing a thumb to other fingers, 
and an opening/closing (abduction) function between fingers. 



SOLUTION: This human body type robot hand comprises 5 finger mechanisms, 
corresponding to five fingers of human being, and a palm portion corresponding to a palm 
and supporting the five finger mechanisms. The movement of the first finger mechanism 
corresponding to the thumb has three degrees of freedom, and the bending and stretching 
of each of the other second to fifth fingers has one degree of freedom. Abduction between 
the latter four fingers has one degree of freedom. The human body type robot hand has 
total eight degrees of freedom. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the person type robot hand provided with the 
expansion-and-contraction function of each finger, the motor function which carries out the 
thumb for making it face other fingers, and the opening^and-closing (abduction; abduction) 
function of fingers. 
[0002] 

[Description of the Prior Art]Like pen **** or sign language, the opening-and-closing 
(abduction; abduction) function of the expansion-and-contraction function of each finger and 
the motor function which carries out the thumb for making it face other fingers being not only 
required but fingers is required in the person type robot hand which needs movement of a wide 
range fine and fingertip. 
[0003] 

[Problem(s) to be Solved by the Invention]Although ** and front 2 persons had been realized in 
the conventional person type (number [ of fingers 1 movement excursion, size, etc. are 
ordinaries) robot hand, it was very small, and also in what was realized, the mechanism became 
heavy greatly and the latter example of realization was deficient in it to practicality and ******. 
It is difficult especially in a robot hand to make drive mechanisms, such as a motor and an 
example of the gear, build in compactly, and This sake, The number of fingers, the movement 
excursion, the size, etc. formed the drive mechanism which consists of a motor or reduction 
gears in the exterior of the hand in about the same conventional human-being type robot hand 
as human being, and the technique of transmitting power to a fingertip by a wire mechanism has 
been taken. In this technique, the big occupation space for drive mechanism is needed, the 
weight of the whole mechanism increases, and there is a problem that decline in the elongation 
of a wire, the movement accuracy by friction, or efficiency is not avoided further. 
[0004]then, the movement mechanism and motor for an abduction [ this invention persons ] 
function — a palm, while storing compactly into a portion, As a result of examining the method 
of building in very compactly the movement mechanism and motor for an 
expansion-and-contraction function of each finger for every finger so that it may not interfere 
with the mechanism, it succeeded in development of the new person type robot hand. The 
person-himself/herself type robot hand can realize most movements in which the abduction 
between one flexibility each and latter 4 finger has a total of eight flexibility of 1 flexibility in 
expansion and contraction of 3 flexibility and other four fingers, and thumb movement can 
realize people. Even if compared with human being, a complete aircraft style, a motor, and wiring 
were built in into 185 small mm in overall length and size with a thickness of 19 mm of a finger, 
and full weight of 500g or less was realized. That is, the specifications top also realized 
remarkable improved efficiency as compared with the conventional thing. 
[0005] 
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LMeans Tor ooiving tne rroDiemjrive ringer mecnanisms in wnicn a solving means wnicn mis 
invention adopted is equivalent to five fingers of human being, Movement of a first digit which is 

- provided with a palm equivalent to a palm of human being who supports the five finger 
mechanisms, and is equivalent to the thumb 3 flexibility, Other the 2nd - expansion and 

. contraction of four fingers of the fifth finger are the person type robot hands constituting so 
that abduction between one flexibility each and latter 4 finger may have a total of eight flexibility 
of 1 flexibility. A finger mechanism of said second digit - the fifth finger is provided with Section, 
trifles, a midpiece, basipod, and a metacarpus paragraph, 4 [ a total of ] sequentially from a 
fingertip, respectively, and in three terminal areas of each internode. Have the joint of 1 
flexibility for bending and stretching a finger, and a motor for a joint drive which performs 
bending and stretching exercises of a finger is built in basipod, A deceleration mechanism for 
considering torque of this motor as rotational movement of the joint is built in joint between 
basipod and a midpiece, Furthermore, it has an interlock for transmitting rotational movement of 
the joint to joint between a metacarpus paragraph on the same finger mechanism, and basipod, 
and joint between a midpiece and trifles, It is a person type robot hand characterized by making 
it pass a distribution cable for a motor for a joint drive, a sensor, etc. which intersect 
perpendicularly, furthermore arrange an axis of joint between a palm, an axis of a joint axis of a 
metacarpus internode, a metacarpus paragraph, and basipod, establish space in the intersection 
part, and are built in a finger mechanism. It has the joint for abduction for realizing opening 
operation of a finger among four fingers of said second digit - the fifth finger in a terminal area 
between a metacarpus paragraph of a second digit, a fourth finger, and the fifth finger, and a 
palm, It is a person type robot hand characterized by having fixed a metacarpus paragraph of 
the third finger to a palm, being interlocked with a circumference of joint for abduction between 
palms via a link mechanism, and making it rotate a metacarpus paragraph of the 2nd, 4, and 5 
finger further. A circular gear centering on joint for abduction between a metacarpus paragraph 
and a palm is fixed to a metacarpus paragraph of said fourth finger, It is a person type robot 
hand building a motor for driving which gears with the circular gear in a palm, and performing 
abduction operation of the 2nd, 4, and 5 finger via said link mechanism with rocking of a 
metacarpus paragraph further. An interlock for transmitting rotational movement of joint for 
expansion and contraction between said basipod and a midpiece to joint between a metacarpus 
paragraph on the same finger mechanism, and basipod, and joint between a midpiece and trifles, 
It is a person type robot hand considering it as a wire pulley mechanism in which interlock and 
ioint between a wire pulley mechanism in which interlock and joint between joint between 
basipod and a midpiece, a metacarpus paragraph, and basipod is rotated, joint between basipod 
and a midpiece, a midpiece, and trifles is rotated. A wire wound around two pulleys which said 
wire pulley mechanism is arranged at both the sides of a finger mechanism, the side of a 
corresponding paragraph is engraved with the belt pulley, it is formed, and correspond is a 
person type robot hand, wherein between both belt pulleys is rolled by shape of eight. In order 
that said first digit may be provided with trifles, a midpiece, basipod, and a metacarpus 
paragraph and may realize 2 flexibility in a root of a first digit sequentially from a fingertip, It has 
the 1st and 2nd joint provided with drive mechanism respectively independent of a terminal area 
of a palm and a metacarpus paragraph, and a terminal area of a metacarpus paragraph and 
basipod, Furthermore, said 1st joint, and its motor for driving and reduction gears are built in a 
part by the side of common [ of a hand of a palm ], Furthermore, a motor for driving and 
reduction gears of said 2nd joint are built in a metacarpus paragraph, Although said two joint 
does not intersect perpendicularly, it constitutes both angle of torsion as 90 degrees, Arrange a 
motor which performs bending and stretching exercises of a finger to basipod of a first digit, and 
a deceleration mechanism for making torque of this motor into torque of the joint is built in joint 
between basipod and a midpiece, It is a person type robot hand having an interlocking wire 
mechanism for transmitting rotational movement of joint between basipod and a midpiece to 
ioint between a midpiece and trifles furthermore. Said first digit is a person type robot hand 
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orientations of a paragraph and it can fix at a suitable torsion angle. Reduction gears which have 
arranged said motor for a joint drive so that it may become an axis of basipod and parallel which 
built it in, and were built in joint between basipod and a midpiece, It is a person type robot hand 
constituting from a crown gear and a planetary gear reduction which make an axis and a center 
of joint the same, engaging a pinion and a crown gear which were further attached to the axis of 
rotation of a motor, and transmitting torque of a motor to said reduction gears. 
[0006] 

[Embodiment of the Invention]Hereafter, the composition of the person type robot hand as an 
embodiment concerning this invention is explained with reference to drawings. Drawing 1 is a 
figure showing the overview of a person type robot hand, and arrangement of the all the 19 
pieces rotation joint which (**) provides (b) in the side view of the robot hand, provides it in a 
top view, and provides drawing 2 in the expansion and contraction part of a person type robot 
hand and the figure showing a name, and drawing 3 are the perspective views and exploded 
views of a second digit. The person type robot hand shown in said drawing 1 has a first digit - 
the fifth finger, On each finger of a robot hand, as shown in drawing 2 , to a first digit The joint 
^1, 0~^1, 3' ^° a secor| d digit, to the joint J 2 0 ~J 2 3' and t ' ie thirc * f" n S er The joint J g j-Jg 3 , 
Joint J 5 Q -J 5 and 3 is arranged to the joint J 4 Q -J 4 3 , and the fifth finger to a fourth finger, and 

each finger has composition in which bending and stretching exercises (it mentions later for 
details) or abduction (it mentions later for details) is possible by these joint parts. Since the 
joint part of the metacarpus paragraph of the third finger does not need to rotate a longitudinal 
direction, as shown in drawing 2 , the joint J 3 for abduction and 0 are omitted. 

[0007][The finger mechanism of the 2-5th fingers] Before explaining the bending and stretching 
exercises of a finger, and abduction movement, the finger mechanism of the 2-5th fingers for 
realizing it is explained. Since a first digit has a greatly different structure from other four 
fingers and it exercises independently of the abduction mechanism of this robot hand, 
explanation of the structure is mentioned later. 

[0008] [Paragraph composition of a second digit - the fifth finger] A second digit - the fifth 
finger are constituted by four paragraphs, respectively, and have composition which can be bent 
and stretched by each joint part. Drawing 3 is a perspective view of a second digit, and its 
decomposition part, and as shown in this figure, the finger is provided with the trifles 1, the 
midpiece 2, the basipod 3, and metacarpus Section 4 sequentially from the fingertip. Although 
the shape of each metacarpus Section 4 differs a little in a second digit - the fifth finger, since 
it is not a difference which must change especially explanation a lot, a second digit is 
henceforth taken up to representation, the mechanism is explained, and explanation of the 
portion which overlaps about the paragraph mechanism of other third fingers - the fifth finger is 
omitted. 

[0009]ln a second digit, metacarpus Section 4 is a paragraph which mediates the palm 5 which 
is a base of the whole hand the trifles 1 side. Therefore, the joint J 2 and 1 Goint for expansion 

and contraction) which have 1 flexibility for the joint J 2 and 0 (abduction joint) which have 1 

flexibility for abduction functional realization of a finger, and expansion-and-contraction 
functional realization of a finger intersect perpendicularly, and comprise an inside of metacarpus 
Section 4. Metacarpus Section 4 has composition which can attain an abduction function 
focusing on the joint J 2 and 0 to the palm 5, and the basipod 3 can rock to a sliding direction 

(grip operation) in drawing 3 by the joint J 2 faf expansion and contractioa and 1 by these two joint 

J 2 q and J 2 and j. It is very important to constitute the portion of this metacarpus paragraph 

compactly, and to obtain a big rotation excursion. Then, neither a motor nor reduction gears are 
put on this portion other than an axis-oProtation carrier, but slight power for rotational 
movement of each joint is made to transmit from the motor arranged at the distant place (it 
mentions later for details). The ioint J« . . . ...... - _ and th« 
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ioint J 2 which connects the midpiece 2 and the basipod 3, and 2 are also the same rotational 
- movement as said joint J 2 anc j j. It is constituted as ioint for expansion and contraction of the 

finger which permits [ drawing 3 Nakagami down movement (grip operation), i.e., the bending and 
stretching exercises of a finger,]. 

[0010][Joint drive mechanism] When the drive mechanism of a knuckle is explained with 
reference to drawing 4 . as for drawing 4 ( b), the perspective view of drive mechanism and (**) 
of the side view of a second digit and (**) are the sectional views of a drive and a deceleration 
mechanism. The encoder built-in micro motor is built in the basipod 3 for the 
expansion-and-contraction mechanism of a finger, and the reduction gears are compactly built 
in said joint J 2 wnjch connects the midpiece 2 and the basipod 3 as shown in figure (**), and 2' The 
transmission mechanism (wire pulley mechanism mentioned later) by the joint J 2 an( j tne 

interlocking wire mechanism in which the rotational motion power of 2 is transmitted to the joint J 2 of 
order, 1' J 2, and 3 is established 

[001 1]Since a building envelope can take the basipod 3 and the joint J 2 and comparative | y | arge 2 

portion, respectively, it has composition suitable for built-in of the micro motor 13 or the 
reduction gears 1 2 for a joint drive. The reduction gears 1 2 for a joint drive are constituted as 
three-step reduction gears which consist of planetary gear mechanisms so that it may mention 
later. The housing space 1 1 for building a sensor, electronic autoparts, etc. in the portion of a 
fingertip is formed. It is considered as the composition which the joint J 2 0 , J 2 and 1 can let 

pass directly to a center of rotation mostly so that movement of a finger mechanism may not be 
checked, as the distribution cable 14 which comes out from the rear of the micro motor 13 is 
shown in (b). In order to obtain sufficient output, small and lightweight high-output DC coreless 
motor is used for all the micro motors 1 3 used by this robot hand. Position control, speed 
control, and a torque control are possible for them for building in an encoder and not using an 
additional sensor in particular. 

[0012]Since motor rotation frequency is high in comparison, reduction gears with sufficiently 
large small size and a moderating ratio are built into a joint part. The three-step reduction gears 
which consist of a planetary gear mechanism which can expect a big moderating ratio and big 
transmission power with the small number of gears as reduction gears are adopted. As shown in 
drawing 9 (**). the planetary gear reduction is being used for a three-step deceleration 
mechanism as crown reduction gears and 2 or 3rd step reduction gears as a 1st step 
deceleration mechanism. The axis of rotation of the crown gear which constitutes the 1st step 
of deceleration mechanism is supporting the 2nd step sun gear, The 3rd step of sun gear formed 
in the axis of the career provided in the 2nd step epicyclic gear and the 2nd more step of 
epicyclic gear which mesh with this sun gear, Reduction gears were constituted by the 3rd step 
of epicyclic gear and the internal gear still more common to said 2 or 3rd step epicyclic gear 
which mesh with this sun gear, and the pinion provided in the output shaft of the micro motor 
stored in basipod has geared on said crown gear. The internal gear is formed in the midpiece. 
The axis of the 2 or 3rd step sun gear which the center of rotation of a crown gear has on the 

ioint J 2 which connects a midpiece and basipod, and the articulated axis of 2 and the same axle - and 
constitutes said deceleration mechanism on this axis is arranged. And three-step reduction 
gears are compactly stored in the joint by making common the axis of said reduction gears, and 
the axis of the joint of the joint J 2 and 2 . 

[001 3]A micro motor is stored so that the axis may become parallel to the longitudinal direction 
of the basipod 3, and it obtains the rotational motion power of the direction of an articulated 
axis via a crown gear. In order to obtain a big moderating ratio also in this transmitting power 
stage, the path of a crown gear is enlarged as much as possible. Generally by a planetary gear 
mechanism, an output element serves as either of the careers of an internal gear or an epicyclic 
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load produced in the bearing of the both ends of an articulated axis may become as small as 
• possible, let the internal gear located in central slippage of an articulated axis be an output 
element 

, [0014]It continues and the joint J 2 obtained by said mec hanism and the mechanism in which the 
rotational motion power of 2 is transmitted to the joint J 2 of order v J 2 and 3 are explained. An 
interlocking wire mechanism is used as a transmission mechanism. In drawing 5 . (b) is a 
perspective view of a second digit and (**) is an exploded view of the finger. In this transmission 
mechanism that consists of wire pulleys, the wire W1 which interlocks the joint J 2 j, J 2 and 2 , 

and the wire W2 which interlocks the joint J 2 2 , J 2 and 3 are arranged by both side of a finger 
mechanism, respectively. 

[0015]The pulley for each wires is formed by engraving the side of an dactylopodite. The two 
pulleys 21 and 22 and middle pulleys 23 are needed as an object for the wires W1. On a 
metacarpus paragraph, the belt pulley 22 is carved, and is been [ the belt pulley / it ] crowded 
and formed, on the midpiece, the belt pulley 21 is carved, and is been [ the belt pulley / it ] 
crowded and formed, and the wire W1 is covered over the shape of 8 via the middle pulley 23 at 
the belt pulleys 21 and 22 at both. As shown in drawing 5 (**). the end of the wire W1 is pinched 
on a metacarpus paragraph, and is fixed with a stop board, and the wire W1 fits into the hole in 
which the ball attached on the wire was formed on the midpiece, and is fixed to a midpiece. 
Among the two pulleys 24 and 25 for wire W2, basipod is engraved with the belt pulley 25, it is 
been [ the belt pulley / it ] crowded and formed in it, and trifles are engraved with the belt 
pulley 24, it is been [ the belt pulley / it ] crowded and formed in them, and the wire W2 is 
covered over the shape of 8 at each belt pulley. The wire W2 is inserted in in the hole which the 
ball provided on the wire formed in said belt pulley 25, and as shown in drawing 6 . it lets the end 
of a wire pass in the hole formed in trifles, and it is being further fixed with the stop board on 
both sides of the point 

[0016]It has a small light weight very much, the interlocking wire mechanism which consists of a 
wire pulley constituted in this appearance has a big rotation excursion, and since there is no 
backlash which is seen by the train of gears, it turns into a highly precise and efficient 
transmission mechanism. The bending and stretching exercises by such an 
expansion-and-contraction mechanism are shown in drawing 6 . It will be in the state where a 
base will bend if a micro motor is specifically driven, this motion is interlocked with further, a 
midpiece and trifles bend via an interlocking wire mechanism, and it is shown in drawing 6 . The 
situation of the person type robot hand in the state where the second digit was bent is shown in 
drawing 7 and drawing 8 . 

[001 7] Although the bending and stretching exercises of the above-mentioned second digit are 
as common as a fourth finger and the fifth finger, about the third finger, the composition of a 
metacarpus paragraph is a little different Since it is not necessary to give the abduction 
function mentioned later to the third finger, the metacarpus paragraph of the third finger is 
being fixed to the palm so that it may mention later. 

[001 8]It continues and the abduction mechanism of a person type robot hand is explained. It is 
the figure made to shift to the state where it opened from the state where drawing 9 closed (b) 
and (**) closed the hand, and is an explanatory view of a link mechanism in which drawing 10 
constitutes the perspective view of an abduction mechanism, and drawing 1 1 constitutes an 
abduction mechanism. Abduction operation is operation changed into the state where the finger 
opened as shown in drawing 9 (**) by interlocking and rotating the metacarpus paragraph of the 
2nd, 4, and 5 finger among 4 of the 2~5th fingers fingers. In order to realize this abduction 
mechanism, the metacarpus paragraph of the third finger is being fixed to the palm which is a 
base of the whole hand. In order to acquire strong torque efficiently, as shown in drawing 1 1 . the 
biggest possible circular gear 31 of a pitch circle radius is fixed to the metacarpus paragraph of 
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the root of the fourth finger, and a fourth finger performs opening operation by rocking 
. movement of this circular gear 31. Said circular gear 31 engages with the pinion 32 provided on 

the axis of the crown gear 33 arranged at the end of a palm. Crown gear 33 It has geared with 

the gear provided in the output shaft of the abduction motor 34 arranged to the [palm]. 
" Operation which the crown gear 33 will rotate if the abduction motor 34 rotates, the pinion 32 

rotates further, is rocked focusing on the joint J 4 and 0 which the circular gear 31 has arranged 

at the root of a fourth finger, and a fourth finger opens by this composition is performed. 
[0019]The interlocking link mechanism in which rotational movement of the metacarpus 
paragraph of a fourth finger is transmitted to the metacarpus paragraph of the second digit of 
both sides and the fifth finger with an interlocking link mechanism is explained. An interlocking 
link mechanism consists of four paragraphs of L1-L4, as shown in drawing 11 . The link L1 
connects one end at the metacarpus paragraph and the joint P1 of a second digit, and connects 
the other end at the link L2 and the joint P2. The link L2 connects one end at the link L1 and 
the joint P2, connects the other end at the link L3 and the joint P4, and connects the center of 
the link L2 with a palm at the joint P3. 

[0020]The link L3 connects one end at the link L2 and the joint P4, and connects the other end 
at the metacarpus paragraph and the joint P5 of a fourth finger. The link L4 is a fourth finger 
about an end. [Metacarpus paragraph] It connects at the joint P6 and the other end is 
connected at the metacarpus paragraph and the joint P7 of the fifth finger. If the circular gear 
31 drives by the abduction motor 34, movement which the metacarpus paragraph of a fourth 
finger opens by the motion will be carried out, It is transmitted to the metacarpus paragraph of 
a second digit so that the movement may become reverse [ a hand of cut ] via the links L1-L3, 
and it is transmitted to the metacarpus paragraph of a second digit and the fifth finger so that 
an angle of rotation may be expanded via the link L4. In this way, an abduction function can be 
attained. 

[0021]In the above-mentioned composition, in order to obtain the movement space of a 
metacarpus paragraph, and the built-in space of wiring or electronic autoparts inside a palm, it 
is important to allot a circular gear and its movement space to the outer casing nearness by the 
side of the back of a hand, and to store an interlocking link in the space between a metacarpus 
paragraph and the outer casing by the side of a palm thinly. The arrangement relationship of an 
abduction motor, a crown gear, and the circular gear 31 is shown in drawing 12 . At the time of a 
design, these arrangement can be changed freely. The perspective view of the interlocking link 
for a drive of an abduction mechanism is shown in drawing 1 3 . 

[0022]Finally the finger mechanism of a first digit is explained. The figure with which drawing 14 
explains the maximum introvert state of a first digit, the figure with which drawing 15 explains 
the paragraph composition of a first digit, and drawing 1 6 are the figures explaining the joint 
drive mechanism of a first digit. As shown in drawing 1 5 , four paragraphs constitute a first digit 
It is considered as trifles, a midpiece, basipod, and a metacarpus paragraph from a fingertip at 
order. In order to realize the motor function carried out to oppose a first digit to other fingers, 
the origin of human being's thumb builds the respectively independent drive mechanism of the 
two joint J 1 q, J 1 and 1 into the root of a first digit the same with having 2 flexibility. That is, the 

metacarpus paragraph of the first digit is provided with the 1st joint J 1 prov jd e d with drive 
mechanism respectively independent of the terminal area of a metacarpus paragraph and a palm, and the 
terminal area of a metacarpus paragraph and basipod, 0' the 2nd joint J t> and , in order to realize 2 
flexibility. 

[0023]the palm of a palm — a near part — swelling (human beings thumb is the same with 
existing in a root) — it provides, and as shown in drawing 1 6 . the 1st joint J 1 0 , and its motor 

for driving and reduction gears are built in. In a first digit, it is considered as the structure which 
fixes the internal gear of these reduction gears to the motor side in order to shorten a 
mfitacaraus oaraffraoh. and fixes the axis of an eoicvclic eear to the side of the metacarDUS 
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paragraph which is an output side. The 2nd joint and the motor for drjvjng and reduction gears of ^ 

are built in a metacarpus paragraph. For this reason, although the two joint J 1 Q , J 1 and 1 do 

not intersect perpendicularly, they make both angle of torsion 90 degrees. The basic 
m constitution of the reduction gears of this portion presupposes that it is the same as that of the 
thing for the expansion-and-contraction function in the 2-4th fingers mentioned above. 
[0024]The joint J 1 and the motor for drivjng and reduction gears of 2 are built in basipod. Rotational 

movement of the joint J 1 and 2 is transmitted to the joint J 1 and 3 with an interlocking wire 

mechanism. These interlocking wire mechanisms presuppose that it is the same as that of the 
thing for the expansion-and-contraction mechanism in the 2-4th fingers mentioned above. In 
order to adjust the direction of the inside of the first digit in the state of carrying out a first 
digit for making it facing other four fingers, the rotating part of the shaft orientations of a 
paragraph is provided in the center of basipod, and it enables it to fix the joint J 1 2 » J 1 and 3 by 

suitable angle of torsion. 

[0025]As mentioned above, in the embodiment concerning above-mentioned this invention, the 
movement mechanism and motor for an abduction function — a palm — while storing compactly 
into the portion, the movement mechanism and motor for an expansion-and-contraction 
function of each finger were built in very compactly for every finger so that it might not 
interfere with the mechanism — a sake — a small and new person type robot hand — it was 
able to constitute . Especially the person-himself/herself type robot hand can realize movement 
of most fingers that people can realize because thumb movement drives the motor which the 
abduction between one flexibility each and latter 4 finger has a total of eight flexibility of 1 
flexibility, and expansion and contraction of 3 flexibility and other four fingers have arranged in a 
finger. 

[0026]Although the embodiment of this invention has been described above, the movement 
mechanism and motor for an abduction function — a palm — while storing compactly into a 
portion, it is not limited to the movement mechanism for the expansion-and-contraction 
function of each finger, and the mechanism of the above-mentioned explanation as a method of 
building in a motor very compactly for every finger so that it may not interfere with the 
mechanism. This invention can be carried out in any of other forms, without deviating from the 
pneuma or main features. Therefore, at all points, the above-mentioned embodiment is only 
mere illustration, and must not be interpreted restrictively. 
[0027] 

[Effect of the Invention]As for the person type robot hand concerning this invention, thumb 
movement can realize most movements in which the abduction between one flexibility each and 
latter 4 finger has a total of eight flexibility of 1 flexibility, and expansion and contraction of 3 
flexibility and other four fingers can realize people. Even if it compares with human being, the 
effect which was excellent in ** — it can be considered as a small robot hand — can be done 
so. 
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SOLUTION: In this multi-finger hand device having finger mechanisms 2-5, the rotating 
axis 21 x of the joint 21 closest to the palm part 1 of the finger mechanism 2 corresponding 
to the thumb is substantially orthogonal to the rotating axis 13x of the joint 13 closest to 
the palm part 1 of the finger mechanism 4. The rotating axis 13x of the joint 13 closest to 
the palm part 1 of each of the finger mechanism 3-5 is slightly inclined and extended in the 
direction substantially orthogonal to the palm body plate 6 of the palm part 1 . The link 
mechanism 8 closest to the palm part 1 of each of the finger mechanisms 3-5 is fixed to 
the palm part 1 with the respective central line C3, C4, or C5 being inclined. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the hyperdactyly hand equipment which has two 

or more finger mechanisms. 

[0002] 

[Description of the Prior Art]As for the hyperdactyly hand equipment which has the same 
structure as people's hand, two or more finger mechanisms are installed from a palm part, and 
via two or more joints, each of that finger mechanism connects two or more link mechanisms 
one by one, and is constituted. And the actuator which operates each joint (for example, the 
flection action of each joint is made to perform) is formed in each link mechanism (see 
JP,8-126984,A etc.). 

[0003] However, conventional hyperdactyly hand equipment could not be said to be that the 
operation direction and arrangement configuration of a joint of each of that finger mechanism 
are what can not necessarily perform properly gripping operation of the object of all sorts by 
hyperdactyly hand equipment, but to improve this was desired. 
[0004] 

[Problem(s) to be Solved by the Invention]This invention is made in view of this background, and 
is a thing. 

the purpose is to provide the hyperdactyly hand equipment which makes it possible to perform 
easily gripping operation of the object boiled and twisted efficiently. 

[0005] 

[Means for Solving the Problem]It has two or more finger mechanisms installed from a palm 
part, each finger mechanism is related with hyperdactyly hand equipment possessing two or 
more link mechanisms connected one by one via two or more joints from said palm part side, 
and hyperdactyly hand equipment of this invention has the 1st - the 3rd mode as the 
fundamental mode. 

[0006]In this 1st mode, a finger mechanism (here, henceforth a thumb mechanism) equivalent to 
the thumb of said two or more finger mechanisms most A shaft center of a joint (here, 
henceforth the 1st joint) by the side of a palm part, at least one finger mechanism (here, 
henceforth a specific finger mechanism) in other finger mechanisms other than a finger 
mechanism equivalent to this thumb — a shaft center of a joint by the side of a palm part 
crosses most — as (it crosses desirable almost right-angled — as) — both the finger 
mechanism concerned — a joint by the side of a palm part is arranged most. 
[0007]According to this composition, it becomes more possible than the 1st joint of a thumb 
mechanism by performing both the 1st joint of said thumb mechanism, the 1st joint of said 
specific finger mechanism, or one rotating operation to make a portion by the side of a tip meet 
on the same flat surface rather than a portion by the side of a tip and the 1st joint of a specific 
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rmger mecnanism. i nererore, an oDject oetween tnese tnumo mecnanisms ana specmc ringer 

mechanisms can be grasped easily. 
* [0008] A joint of others other than each 1st joint of said thumb mechanism and a specific finger 

mechanism in the 1st mode of this invention, For example, although it may be the composition of 
. having the flexibility of a multiple spindle, respectively, when it is what has especially the 

flexibility of one axis, it is preferred for the shaft center that it is what intersects 

perpendicularly with a shaft center of said 1st joint (when rotating operation of a circumference 

of one shaft center is possible). 

[0009]Each 1st joint of other finger mechanisms of all the other than a finger mechanism (thumb 
mechanism) which is equivalent to the thumb of said two or more finger mechanisms in the 2nd 
mode of this invention that is a joint by the side of a palm part most, Arrange the shaft center in 
parallel crosswise [ of this palm part / abbreviated ] towards a direction which 
abbreviated-intersects perpendicularly with a hand flat surface of said palm part, and it is 
provided, being concerned — others — a link mechanism (here, henceforth the 1st link 
mechanism) which connects with said each 1st joint of all the finger mechanisms, and is most 
located in the palm part side is being fixed to said palm part so that a center line of each of the 
cross direction may incline mutually and may spread radiately toward the tip side of each finger 
mechanism. 

[0010] According to this 2nd mode, other finger mechanisms of all the other than a thumb 
mechanism, i.e., a finger mechanism arranged in parallel crosswise [ of said palm part / 
abbreviated ]. Since the axis of rotation of each of the 1st joint of said is turned in the direction 
which abbreviated-intersects perpendicularly with a hand flat surface of a palm part, the portion 
by the side of a tip can carry out abbreviated ****** rotating operation to a hand flat surface 
of a palm part in a part of this 1st joint rather than the 1st joint of those finger mechanisms. 
And at this time the 1st link mechanism of finger mechanisms other than a thumb mechanism, 
Since it is being fixed to said palm part so that a center line of each of the cross direction may 
incline mutually and may spread radiately toward the tip side of each finger mechanism, it 
becomes possible to cross each finger mechanism to a wide rotating range, avoiding 
interference with a ******** mechanism, and to rotate it around a shaft center of the 1st joint 
That is, it becomes possible to make it rotate to a circumference of a shaft center of the 1st 
ioint over a comparatively wide range, without rotating each finger mechanism and ******** 
mechanisms other than a thumb mechanism to a circumference of a shaft center of each 1st 
ioint more than needed. As a result, a finger mechanism becomes possible [ taking easily a 
posture suitable for grasping of an object of all sorts ]. 

[001 1]In the 2nd mode of this invention, when it is what has the flexibility of one axis, it is 
preferred for especially each joint other than the 1st joint of each finger mechanism other than 
a thumb mechanism that the shaft center is what intersects perpendicularly with a shaft center 
of the 1st joint. About a thumb mechanism, when each of that joint is what has the flexibility of 
one axis, A shaft center of the 1st joint of other finger mechanisms and a shaft center of the 
1st joint by the side of a palm part abbreviated-cross at right angles most, and, as for a shaft 
center of each of other joint of this thumb mechanism, it is still more preferred that it is what 
intersects perpendicularly with a shaft center of the 1st joint of this thumb mechanism. 
[0012]In the 3rd mode of this invention, each of other finger mechanisms of all the other than a 
finger mechanism (thumb mechanism) equivalent to the thumb of said two or more finger 
mechanisms most a joint (the 1st joint) by the side of a palm part, It is stood in a row and 
provided crosswise [ of this palm part / abbreviated ], and it is provided so that the shaft 
center may incline mutually towards abbreviated-intersecting perpendicularly with a hand flat 
surface of said palm part and may spread radiately toward the shell side of this palm part. 
[0013]Since according to the 3rd mode of this this invention it is provided so that a shaft center 
of the 1 st joint by the side of a palm part may incline mutually in the direction of other finger 
mechanisms other than a thumb mechanism which abbreviated-intersects perpendicularly with a 
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palm part, When operating a joint by the side of a tip rather than the 1st joint of each of those 
. finger mechanisms and bending a portion by the side of a tip to the hand flat-surface side 
rather than this 1st joint, it will become easy to concentrate a tip part of those finger 
mechanisms on a part soon. For this reason, grasping of an object using those finger 
mechanisms becomes easy. 

[0014]In the 3rd mode of this invention, like the 2nd mode, when it is what has the flexibility of 
one axis, it is preferred for especially each joint other than the 1st joint of each finger 
mechanism other than a thumb mechanism that the shaft center is what intersects 
perpendicularly with a shaft center of the 1st joint. About a thumb mechanism, when each of 
that joint is what has the flexibility of one axis, A shaft center of the 1st joint of other finger 
mechanisms and a shaft center of the 1st joint by the side of a palm part abbreviated-cross at 
right angles most, and, as for a shaft center of each of other joint of this thumb mechanism, it is 
still more preferred that it is what intersects perpendicularly with a shaft center of the 1st joint 
of this thumb mechanism. 

[0015]As for the 1st - the 3rd mode of this invention explained above, it is needless to say that 
it may adopt complexly. In this case, in adopting the 2nd mode as the 1st mode of this invention 
further. Each 1st joint of other finger mechanisms of all the other than a finger mechanism 
(thumb mechanism) equivalent to said thumb that is a joint by the side of a palm part most, 
Arrange the shaft center in parallel crosswise [ of this palm part / abbreviated ] towards a 
direction which abbreviated-intersects perpendicularly with a hand flat surface of said palm 
part, and it is provided, being concerned — others — a link mechanism which connects with 
said each 1st joint of all the finger mechanisms, and is most located in the palm part side is 
fixed to said palm part so that a center line of each of the cross direction may incline mutually 
and may spread radiately toward the tip side of each finger mechanism. 
[0016]In adopting the 3rd mode as the 1st mode of this invention, Each of other finger 
mechanisms of all the other than a finger mechanism (thumb mechanism) equivalent to the 
thumb of said two or more finger mechanisms most a joint (the 1st joint) by the side of a **** 
part, It is stood in a row and provided crosswise [ of this **** part / abbreviated ], and it is 
provided so that the shaft center may incline mutually towards abbreviated-intersecting 
perpendicularly with a hand flat surface of said palm part and may spread radiately toward the 
shell side of this palm part. 

[0017]In adopting the 3rd mode as the 2nd mode of this invention, Said each 1st joint of other 
finger mechanisms of all the other than a finger mechanism (thumb mechanism) equivalent to 
the thumb of said two or more finger mechanisms is provided so that the shaft center may 
incline mutually towards abbreviated-intersecting perpendicularly with a hand flat surface of 
said palm part and may spread radiately toward the shell side of this palm part. 
[0018]As for other finger mechanisms other than a finger mechanism (thumb mechanism) which 
is equivalent to the thumb among said two or more finger mechanisms also in the 1st - which 
3rd mode in this invention explained above, it is preferred that the at least two finger 
mechanisms of each other are constituted by the same structure. 

[001 9] According to this, the finger mechanisms of the same structure can be mutually diverted 
to some other purpose. For this reason, inventory management of those finger mechanisms 
becomes easy, and it can respond to exchange treatment of this finger mechanism at the time 
of breaking down one of the finger mechanisms of those easily. 

[0020]In this invention, an actuator to which rotating operation of each joint of each finger 
mechanism is made to perform is provided for example, in each finger mechanism also in the 1st 
- which 3rd mode. In this case, when at least two finger mechanisms of each other are 
especially constituted by the same structure as mentioned above, the finger mechanisms of the 
same structure can be mutually diverted to some other purpose including this actuator by 
providing an actuator to which rotating operation of each joint of each finger mechanism is 
made to perform in each finger mechanism. 
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LUUZlJAbout drive mechanism ot a joint ot each tinger mechanism in this invention, hor example, 
a rotational driving means of an electric motor for [ of each finger mechanism ] driving a joint 
between this and a ****** link mechanism most to each link mechanism other than a link 
mechanism by the side of a tip, etc., It is preferred to have composition which carries a rotation 
• transmission means (a reduction gear etc. are included) to transmit rotation driving force of this 
rotational driving means to this joint. 
[0022] 

[Embodiment of the Invention]One embodiment of this invention is described with reference to 
drawing 1 - drawing 10 . 

[0023] Drawing 1 and drawing 2 are the perspective views showing the basic structure of the 
hyperdactyly hand equipment of this embodiment, and they are the perspective view which 
drawing 1 t urned the hand flat surface of hyperdactyly hand equipment up, and was shown, and 
the perspective view which drawing 2 turned the wrist glove side of hyperdactyly hand 
equipment up, and was shown. In drawing 1 and drawing 2 . each finger mechanisms 2-5 of the 
expedient top of explanation and hyperdactyly hand equipment simplify and indicate only the 
important section composition, and are omitting the component of an actuator etc. 
[0024]As shown in drawing 1 and drawing 2 , the hyperdactyly hand equipment of this 
embodiment is provided with the following. 
Palm part 1. 

Two or more finger mechanisms 2-5 installed from this palm part 1. 

In this embodiment, the number of the finger mechanisms 2-5 is four, among these the finger 
mechanism 2 is equivalent to the thumb of peoples hand. 

[0025]The palm part 1 is formed of a tabular member, and comprises the palm body plate 6 with 
which the surface turns into the hand flat surface 6a (refer to drawing 1 ), and the erect plate 7 
which stood up to the wrist glove side (rear-face side of the palm body plate 6) with the 
posture which abbreviated-intersects perpendicularly with this palm body plate 6 from the rear 
end part of this palm body plate 6. The rear face (field by the side of a wrist glove) of the palm 
body plate 6 is a surface part to which the finger mechanisms 3-5 of the finger mechanisms 2-5 
are attached (refer to drawing 2 ). 

[0026]The erect plate 7 comprises the 1st partial erect plate 7a which extends crosswise [ of 
the palm part 1 / abbreviated ], and the 2nd partial erect plate 7b which inclines and extends to 
this 1st partial erect plate 7a in the end side of this 1st partial erect plate 7a. The portion in 
which the 1 st partial erect plate 7a is attached to the arm (arm object) of the robot which is not 
illustrated, and the 2nd partial erect plate 7b are portions to which the finger mechanism 2 is 
attached. 

[0027]the finger mechanisms 3-5 are all the same structures among the finger mechanisms 2-5 
— respectively — the [ the 1st - ] — the five link mechanisms 8-12 of five — the order from 
the palm part 1 side — the [ the 1st - ] — it has structure connected via the four joints 13-16 
of four. Since all are the same structures as mentioned above, the finger mechanisms 3-5 are 
omitting each link mechanism and the reference mark of each joint about the finger mechanism 
4 for convenience in drawing 1 and drawing 2 . 

[0028] Although a more detailed structure of these finger mechanisms 3-5 is mentioned later, 
each joint 13-16 of each is a joint which all enables rotational movement of the circumference 
of 1 axis. And in this embodiment, the shaft center of the 1st joint 13 of palm part 1 slippage 
lies at right angles to the shaft center (these are mutually parallel) of other three the 2nd - 4th 
ioint 14-16 most 

[0029]Namely, when the finger mechanism 5 is explained with reference to drawing 1 . for 
example, the 1st joint 13 of this finger mechanism 5, Making the 2nd link mechanism 9 pivotable 
to the 1st link mechanism 8 around the shaft center 13x of a graphic display, the 2nd joint 14 
makes the 3rd link mechanism 10 pivotable to the 2nd link mechanism 9 around the shaft center 
13x of the 1st joint 13, and the shaft center 14x which intersects perpendicularly. To the 3rd 
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center 15x parallel to the shaft center 14x of the 2nd joint 14, and the 4th joint 16, The 5th link 
. mechanism 12 is made pivotable to the 4th link mechanism 11 around the shaft center 16x 
parallel to the shaft center 15x of the 3rd joint 15. 

[0030]The rotating operation of such the 1st - the 4th joint 13-16 is completely the same also 
about the finger mechanisms 3 and 4. And in this embodiment, it is fixed to the reverse part of 
this palm body plate 6 towards the direction which abbreviated-intersects perpendicularly with 
the palm body plate 6 of the palm part 1, and each 1st link mechanism 8 of the finger 
mechanisms 3-5 arranges in parallel the shaft center 13x of the 1st joint 13 crosswise [ of this 
palm body plate 6 / abbreviated ] (refer to drawing 2 ). 

[0031]Here, the attachment composition of the palm body plate 6 and each 1st link mechanism 
8 of the finger mechanisms 3-5 is further explained with reference to drawing 3 and drawing 4 . 
Drawing 3 is an III view figure (top view seen from the wrist glove side of the palm part 1 in the 
shaft center 13 x direction of the 1st joint 13 of the finger mechanism 4) of drawing 2 , and 
drawing 4 is an IV-IV line sectional view of drawing 3 . In drawing 4 , the imaginary line shows the 
1st link mechanism 8 of the finger mechanisms 3-5. 

[0032]As shown in drawing 3 , in this embodiment each 1st link mechanism 8 of the finger 
mechanisms 3-5, It is fixed to the reverse part of the palm body plate 6, as the center line C3 
of the cross direction, C4, and C5 incline mutually and those center lines C3, C4, and C5 spread 
radiately toward the tip side of the finger mechanisms 3-5. For this reason, when the finger 
mechanisms 3-5 are lengthened in the direction of the center line C3, C4, and C5, respectively, 
the finger mechanisms 3-5 will extend radiately from the palm part 1 side. 
[0033]The surface part 6x which the palm body plate 6 is formed in this embodiment so that it 
may be crooked crosswise a little in the hand flat-surface 6a side, as shown in drawing 4 , and 
adheres the 1st link mechanism 8 of the finger mechanism 3 of the reverse part of the palm 
body plate 6, The surface part 6y which adheres the 1st link mechanism 8 of the finger 
mechanism 4, and the surface part 6z which adheres the 1st link mechanism 8 of the finger 
mechanism 5 incline a little mutually. For this reason, where each 1st link mechanism 8 of the 
finger mechanisms 3-5 is fixed to these surface parts 6x, 6y, and 6z. The shaft center 13x of 
the 1st joint 13 of each finger mechanisms 3-5 that is a joint by the side of the palm part 1 
most also inclines a little mutually, and those shaft centers 1 3x extend so that it may spread 
radiately toward the wrist glove side like a graphic display. Angle-ol^gradient thetaa [ as 
opposed to / in this case / the shaft center 13x (this extends in the perpendicular direction of 
drawing 4 ) of the 1st joint 13 of the finger mechanism 4 at this embodiment ] of the shaft center 
13x of the 1st joint 13 of the finger mechanism 5, It is almost the same as angle-of-gradient 
thetab (for example, 5 times) of the shaft center 13x of the 1st joint 13 of the finger mechanism 
3 to the shaft center 13x of the 1st joint 13 of the finger mechanism 4, or has a little bigger 
angle (for example, 5 to 10 degrees) than it. 

[0034] referring to drawing 1 and drawing 2 on the other hand — the finger mechanism 2 — the 
[ the 1st - ] — the four link mechanisms 17-20 of four — the order from the palm part 1 side 
— the [ the 1st - ] — it has structure connected via the three joints 21-23 of three. 
[0035]Each joints 21-23 of this finger mechanism 2 like the 1st -the 3rd joint 13-15 of said 
finger mechanisms 3-5, All are the joints which enable rotational movement of the 
circumference of 1 axis, and the shaft center of the 1st joint 21 of palm part 1 slippage lies at 
right angles to the shaft center (these are mutually parallel) of other 2nd and 3rd two joints 22 
and 23 most. 

[0036]Namely, carry out the drawing 1 reference and the 1st ioint 21 of the finger mechanism 2, 
Making the 2nd link mechanism 18 pivotable to the 1st link mechanism 17 around the shaft 
center 21 x of a graphic display, the 2nd joint 22 makes the 3rd link mechanism 19 pivotable to 
the 2nd link mechanism 18 around the shaft center 21 x of the 1st joint 21, and the shaft center 
22x which intersects perpendicularly. The 3rd joint 23 makes the 4th link mechanism 20 
Divotable to the 3rd link mechanism 19 around the shaft center 23x Darallel to the shaft center 
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22x of the 2nd joint 22. 

[0037]And in this embodiment the finger mechanism 2 is fixed to the outside-surface part of 
this 2nd partial erect plate 7b towards the direction (the palm body plate 6 and abbreviation 
parallel direction) to which the 2nd partial erect plate 7b of the palm part 1 and the 1st link 
* mechanism 17 cross at right angles the shaft center 21 x of the 1st joint 21. 
[0038]In this case, in this embodiment as the shaft center 21 x of that 1st joint 21 shows said 
drawing 3 , the finger mechanism 2 is the position and the posture which the shaft center 13x 
and abbreviated right angle of the 1st joint 13 of the finger mechanism 4 of other 
above-mentioned finger mechanisms 3-5 are crossed, and is being fixed to the 2nd partial erect 
plate 7b. 

[0039]A still more detailed structure of said finger mechanisms 2-5 is explained with reference 
to drawing 5 - drawing 8 . 

r0040l Drawing 5 and drawing 6 are the exploded perspective views disassembling and showing 
the finger mechanism 3 of the finger mechanisms 3-5 which are the same structures in the part 
of each joints 13-16. In drawing 5 . in this case, the lateral portion 3 of the venter of the finger 
mechanism 3, i.e., a finger mechanism, it is a lateral portion of the same side as the hand flat 
surface 6a of said palm part 1 — drawing 1 and drawing 2 — the lateral portion (henceforth an 
intrados part) which meets the hand flat surface 6a of the palm part 1 in the state where the 
finger mechanism 3 was made crooked like is turned in the direction of the arrow A in drawing 5 
(above). In drawing 6 , the intrados part of the finger mechanism 3 is turned in the direction of 
the arrow B in the figure (transverse direction). Drawing 7 is in the state which lengthened the 
finger mechanism 3, and the top view seen from the intrados part side and drawing 8 are the VIII 
view figures of drawing 7 . 

[0041] As shown in drawing 5 - drawing 7 . the 1st link mechanism 8 of the finger mechanism 3, 
The electric motor 25 (actuator) for operating the 1st joint 13 in the body apparatus frame 24 
fixed to the palm part 1, The rotary encoder 26 for detecting the rotary place of this electric 
motor 25 or the active position of the 1st joint 13 and the reduction gear 27 constituted by the 
planetary gear mechanism etc. are carried. As shown in drawing 6 . the driving shaft 25a of the 
electric motor 25, It is connected to the axis of rotation 26a of the rotary encoder 26, and the 
input shaft 27a of the reduction gear 27 via the endless ** belt 28, Rotation of the driving shaft 
25a of the electric motor 25 is transmitted to the axis of rotation 26a of the rotary encoder 26, 
and the input shaft 27a of the reduction gear 27 via the endless ** belt 28. 
[0042]The rotation output part 27b which slows down and outputs the rotation which the 
reduction gear 27 constitutes the 1 st joint 1 3, and is given to the input shaft 27a, That is, it has 
the rotation output part 27b which rotates with revolving speed later than the input shaft 27a 
around the axial center (this is the shaft center 13x of the 1st joint 13) of the input shaft 27a. 
This rotation output part 27b serves as a component of the 2nd link mechanism 9, and the bond 
part 31 for fixing with the screw 30 and combining the body apparatus frame 29 of the 2nd link 
mechanism 9, as shown in drawing 7 is formed in one. This body apparatus frame 29 unites with 
the rotation output part 27b of the reduction gear 27 by combining the body apparatus frame 29 
of the 2nd link mechanism 9 with this bond part 31. Thereby, this 2nd link mechanism 9 rotates 
to the circumference of the axial center of the input shaft 27a of the reduction gear 27 which is 
the shaft center 13x of the 1st joint 13, when operating the electric motor 25 of the 1st link 
mechanism 8 (rocking). 

[0043]If it is in the 2nd link mechanism 9 by which the body apparatus frame 29 is combined as 
mentioned above with the bond part 31 of the rotation output part 27b, In the body apparatus 
frame 29, like the 1st link mechanism 8, the electric motor 32 (actuator), The rotary encoder 33 
and the reduction gear 34 are carried, and the driving shaft 32a of the electric motor 32 is 
connected to the axis of rotation 33a of the rotary encoder 33, and the input shaft 34a of the 
reduction gear 34 via the endless ** belt 35. In this case, the electric motor 32, the rotary 
encoder 33, and the reduction gear 34 are in the state which combined the body apparatus 
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so that the shaft center 13x of said 1st joint 13 and those axial centers may cross at right 
- angles. 

[0044]The reduction gear 34 of this 2nd link mechanism 9 constitutes said 2nd joint 14, and has 
. the rotation output part 34b which slows down and outputs the rotation given to that input 
shaft 34a like the reduction gear 27 of the 1st link mechanism 8 as a component of the 3rd link 
mechanism 1 0. This rotation output part 34b is formed in the circumference of the axial center 
of the input shaft 34a of the reduction gear 34 as the shaft center 14x of the 2nd joint 14 
pivotable with revolving speed later than this input shaft 34a, The bond part 37 which is fixed to 
this rotation output part 34b with the screw which does not illustrate the body apparatus frame 
36 of the 3rd link mechanism 10, and is combined with it is formed in one. By combining the 
body apparatus frame 36 of the 3rd link mechanism 10 with this bond part 37, this 3rd link 
mechanism 10, When operating the electric motor 32 of the 2nd link mechanism 9, it rotates at 
the rotation output part 34b and one to the circumference of the axial center of the input shaft 
34a of the reduction gear 34 which is the shaft center 14x of the 2nd joint 14 (rocking). 
[0045]If it is in the 3rd link mechanism 10 by which the body apparatus frame 36 is combined as 
mentioned above with the bond part 37 of the rotation output part 34b, In the body apparatus 
frame 36, like the 1st link mechanism 8, the electric motor 38 (actuator), The rotary encoder 39 
and the reduction gear 40 are carried, and the driving shaft 38a of the electric motor 38 is 
connected to the axis of rotation 39a of the rotary encoder 39, and the input shaft 40a of the 
reduction gear 40 via the endless belt 41. In this case, the electric motor 38, the rotary 
encoder 39, and the reduction gear 40 are in the state which combined the body apparatus 
frame 36 with said bond part 37 by the side of the 2nd link mechanism 9, and they are arranged 
so that those axial centers may become parallel to the shaft center 14x of said 2nd joint 14. 
[0046]The reduction gear 40 of this 3rd link mechanism 10 constitutes said 3rd joint 15, and has 
the rotation output part 40b which slows down and outputs the rotation given to that input 
shaft 40a like the reduction gear 27 of the 1st link mechanism 8 as a component of the 4th link 
mechanism 11. This rotation output part 40b is formed in the circumference of the axial center 
of the input shaft 40a of the reduction gear 40 as the shaft center 1 5x of the 3rd joint 1 5 
pivotable with revolving speed later than this input shaft 40a, and the body part 1 1 a of the 4th 
link mechanism 1 1 formed in this rotation output part 40b tabular is formed in one. Thereby, the 
4th link mechanism 1 1 rotates at the rotation output part 40b and one to the circumference of 
the axial center of the input shaft 40a of the reduction gear 40 which is the shaft center 1 5x of 
the 3rd joint 15, when operating the electric motor 38 of the 3rd link mechanism 10 (rocking). 
[0047]The connecting part 42 with the 5th link mechanism 12 is formed in the tip part (the 
rotation output part 40b and the end of an opposite hand) of the body part 11a of the 4th link 
mechanism 11. This connecting part 42 serves as a component of the 4th joint 16, and the pin 
hole 43 parallel to the shaft center 15x of the 3rd joint 15 is drilled. 

[0048]As shown in drawing 7 . the above-mentioned connecting part 42 is inserted in the cut 
slot 45 formed in the end by the side of the 4th link mechanism 11 of the body apparatus frame 
44 of the 5th link mechanism 12, and it is arranged so that the pin hole 46 drilled by the body 
apparatus frame 44 towards crossing this cut slot 45 and the pin hole 43 of the connecting part 
42 may become the same mind. And by inserting the pin 47 in the pin hole 46 of the body 
apparatus frame 44, and the pin hole 43 of the connecting part 42, the connecting part 42 is 
connected with the body apparatus frame 44 of the 5th link mechanism 12, and that connecting 
place comprises this state as the 4th joint 16. That is, the 5th link mechanism 12 is made 
pivotable at the circumference of the axial center of the pin 47 as the shaft center 1 6x of the 
4th joint 1 6. 

[0049]In this case, in this embodiment, further, as shown in drawing 8. the body apparatus frame 
44 of the 5th link mechanism 12 is not only connected with the connecting part 42 of the 4th 
link mechanism 1 1 as mentioned above, but is connected with the body apparatus frame 36 of 

th*» 3rH link mpr.hanicm 10 v/ia fho arm nipro 48 
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[0050]The above-mentioned arm piece 48 from the part of rear end part slippage of the lateral 
portion of the body apparatus frame 44 of the 5th link mechanism 12, With the posture which 
was missing from the part of tip part slippage of the lateral portion of the body apparatus frame 
36 of the 3rd link mechanism 10, and inclined to the longitudinal direction of the finger 
* mechanism 3, have extended and the both ends, It is supported pivotally by the body apparatus 
frame 44 of the 5th link mechanism 12, and the body apparatus frame 36 of the 3rd link 
mechanism 10 pivotable via the pivots 49 and 50, respectively. 

[0051]By having such an arm piece 48, by the operation of the electric motor 38 of the 3rd link 
mechanism 10. As the 4th link mechanism 1 1 shows drawing 8 with an imaginary line, when it 
rotates to the intrados part side of the finger mechanism 3 (rocking), it rotates around the pin 
47 to the 4th link mechanism 1 1 (rocking), and the 5th link mechanism 12 is bigger angle of 
rotation than the 4th link mechanism 11, and is rocked to the 3rd link mechanism 10. That is, if 
the finger mechanism 3 is crooked in the intrados part side in the part of the 3rd joint 15, it is 
interlocked with and the finger mechanism 3 is crooked in the intrados part side in the part of 
the 4th joint 16. Therefore, in this embodiment, while the electric motor 38 of the 3rd link 
mechanism 10 is an actuator which operates the 3rd joint 15, it is also an actuator which 
operates the 4th joint 1 6. 

[0052]The structure of the finger mechanism 3 explained above is completely the same also 
about the finger mechanisms 4 and 5. Although a detailed graphic display is omitted, about the 
finger mechanism 2, the structure of the portion applied to the 3rd joint 23 from the 1 st link 
mechanism 17 is the same as the structure of the portion applied to the 3rd joint 15 from the 
1st link mechanism 8 of the above-mentioned finger mechanisms 3-5. Namely, the structure of 
the 1st link mechanism 17 of the finger mechanism 2, the 2nd link mechanism 18, the 3rd link 
mechanism 19, the 1st joint 21, the 2nd joint 22, and the 3rd joint 23, It is the same as that of 
the structure of the 1st link mechanism 8 of the finger mechanisms 3-5, the 2nd link mechanism 
9, the 3rd link mechanism 10, the 1st joint 13, the 2nd joint 14, and the 3rd joint 15 respectively. 
[0053]And if it is in the finger mechanism 2, only the structure of the 4th link mechanism 20 by 
the side of a tip is different from the structure of the portion by the side of a tip rather than the 
3rd joint 15 of the finger mechanisms 3-5 from the 3rd joint 23. In this case, the 4th link 
mechanism 20 of the finger mechanism 2 has structure which fixes the 4th link mechanism 1 1 
and the 5th link mechanism 12 in these finger mechanisms 3-5 in one with a screw etc., and was 
combined, without providing said arm piece 48 like the finger mechanisms 3-5. 
[0054]In the hyperdactyly hand equipment of this embodiment explained above, the following 
operation effects are done so by the above structures. 

[0055]For example, from the state (state which extended the hand) which lengthened each 
finger mechanisms 2-5, the 2nd link mechanism 18 of the finger mechanism 2 is rotated around 
the shaft center 21 x of the 1st joint 21, Turn this 2nd link mechanism 18 in the shaft center 13x 
and the direction of the 1st joint 13 of the finger mechanism 4, and. The 2nd link mechanism 9 
of the finger mechanism 4 is rotated around the shaft center 13x of the 1st joint 13, The case 
where turned this 2nd link mechanism 9 in the 1st joint 21 and the direction of the finger 
mechanism 2, and rotated the 3rd link mechanism 10 of the finger mechanism 4 around the shaft 
center 14x of the 2nd joint 14, and it turns in the shaft center 13x and the direction of the 1st 
joint 13 of this finger mechanism 4 further is assumed. 

[0056]At this time, the shaft center 21x of the 1st joint 21 of the finger mechanism 2, Since the 
shaft center 13x and abbreviated right angle of the 1st joint 13 of the finger mechanism 4 are 
crossed, As shown in drawing 9 (a) and (b), rather than the 1st joint 21 of the finger mechanism 
2 The portion (portion applied to the 4th link mechanism 20 from the 2nd link mechanism 18) by 
the side of a tip, Rather than the 2nd joint 14 of the finger mechanism 4, as the portion (portion 
applied to the 5th link mechanism 12 from the 3rd link mechanism 10) by the side of a tip 
consists on the same flat surface, those intrados parts meet. Here, drawing 9 (a) is the top view 
which looked at the hyperdactyly hand equipment which operated the finger mechanisms 2 and 
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the 1st joint 13 of the finger mechanism 4, and drawing 9 (b) is a perspective view of the 

• hyperdactyly hand equipment in the above-mentioned operating state. 
[0057]Thus, since the finger mechanisms 2 and 4 can be made to meet, it is possible to grasp 

, certainly the object which is not illustrated among those finger mechanisms 2 and 4. Although 
the finger mechanism 4 is made to rotate at this time so that the surroundings of the shaft 
center 13x of that 1st joint 13 may be approached toward the finger mechanism 5, interference 
with the finger mechanism 4 is easily avoidable by rotating the finger mechanism 5 around the 
shaft center 13x of that 1st joint 13. 

[0058]Rotate the finger mechanism 5 in the direction which deserts the finger mechanism 4 a 
little at the circumference of the shaft center 13x of the 1st joint 13 from the state shown in 
drawing 9 . for example, and. The finger mechanism 3 is rotated in the direction made to 
approach the finger mechanism 4 at the circumference of the shaft center 13x of the 1st joint 
13, Bend in the direction in which each the 2nd - 4th joint 14-16 of the finger mechanisms 3-5 
are operated, and the tip part of those finger mechanisms 3-5 faces to the finger mechanism 2, 
and. The 2nd and 3rd joints 22 and 23 of the finger mechanism 2 are operated, and the case 
where the tip part of this finger mechanism 2 bends in the direction which faces to the finger 
mechanism 4 is assumed. Thus, the state where the finger mechanisms 2-5 were operated is in 
the state shown in said drawing 1 - drawing 3 . 

[0059]Since it inclines mutually at this time as each 1st joint 13 of the finger mechanisms 3-5 
showed said drawing 4. the tip part of those finger mechanisms 3-5 approaches mutually, as it 
will concentrate on a part mutually soon (refer to drawing 1) . For this reason, it becomes 
possible to grasp easily the object which is not illustrated between the finger mechanisms 3-5 
and the finger mechanism 2. 

[0060]The 1st link mechanism 8 fixed to each palm part 1 of the finger mechanisms 3-5 in this 
embodiment, Since it has extended radiately toward the tip side of the finger mechanisms 3-5 
as shown in said drawing 3 t each of those finger mechanisms 3-5, The portion (portion applied 
to the 5th link mechanism 12 from the 2nd link mechanism 9) by the side of a tip can rotate 
rather than the 1st joint 13 in a comparatively wide angle range at the circumference of the 
shaft center 13x of the 1st joint 13 on both sides of the center line C3 of the 1st link 
mechanism 8, C4, and C5. For this reason, for example, the finger mechanisms 2-5 can be 
operated in the state where it is shown in drawing 10 (a) and (b). 

[0061] Drawing 10 (a) and (b) operates the 1st joint 13 of the finger mechanism 3, and makes the 
direction which deserts the finger mechanism 4 rotate this finger mechanism 3 from the state 
shown, for example in drawing 1 - drawing 3 . and. By operating the 1st joint 13 of the finger 
mechanism 5, and making the direction which deserts the finger mechanism 4 rotate this finger 
mechanism 5, Those finger mechanisms 3 and 5 are the figures showing the state where it was 
made to meet in the cross direction of the palm part 1 , and drawing 10 (a) is the top view which 
looked at the hyperdactyly hand equipment of this operating state from the hand flat-surface 6a 
side of the palm part 1 in the shaft center 13 x direction of the 1st joint 13 of the finger 
mechanism 4. Drawing 10 (b) is a perspective view of the hyperdactyly hand equipment of the 
above-mentioned operating state. 

[0062]Thus, since it aims to differ from this grip direction and an object can be grasped among 
the finger mechanisms 3 and 5, grasping the object which is not illustrated between the finger 
mechanism 2 and the finger mechanism 4 when operating the finger mechanisms 2-5, it 
becomes possible to ensure grasping of this object. 

[0063]Since the finger mechanisms 3-5 are the same structures, the hyperdactyly hand 
equipment of this embodiment can perform diversion between them. For this reason, the 
inventory management of those finger mechanisms 3-5 in the production plant and workplace of 
hyperdactyly hand equipment becomes easy, and when either of the finger mechanisms 3-5 
breaks down, that exchange treatment can be performed easily. 
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provided with the four finger mechanisms 2-5, the number of a finger mechanism is not limited 
to this and may be provided with the five same finger mechanisms as peoples hand, for 
example. 

[0065]Although the structure of a tip part shall differ the finger mechanism 2 equivalent to the 
* thumb from the finger mechanisms 3-5 in said embodiment, it may be a thing of the same 
structure as the finger mechanisms 3-5. 

[0066]Although said embodiment showed what possesses the actuator (electric motor) for 
operating expansion and contraction of each finger mechanisms 2-5, etc. in each finger 
mechanisms 2-5, it may be made to form this actuator in the arm object etc. which connect the 
**** part of hyperdactyly hand equipment, and this. In this case, what is necessary is just made 
to perform transfer of the power from an actuator to each finger mechanisms 2-5 via the means 
of transmitting power which comprises a wire, a belt pulley, reduction gears, etc. 

[Translation done.] 
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-c^fn RHS!2 l0i®tiMtfa2 1 x//fiuie03(C7K^- c t 

0 . ffi&aiBKXfflBtit 3 - 5 a> 0 homWM 4 cos 1 

mm 1 3 «@ieM<c> 1 3 x t v&w.mz%.b-6 x &ox. 
wmx- . m 2 sb -jj-aiiR 7 b mm $i ir > . 

[0039] MCtSffiHR 2- 5 *> $ ^(zt^NB^fltfiSrQ 
5 -08 $#bs , 

[ 0 0 4 0 ] 0 5 rv® 6 (i . isj -flKfc* s mam 3 

'C»jBLT*L^»MfW0T'^S„ C^*^, 05-C 

«. ftmti3^)Kn^>flffi[fffi. i-Kcb-hmmmsc?). m 

ittmm 1 <o#TiB hat PI t ■ffl^HBifS f * ->X . 0 

1 &f/0 2 J: '3 tcflHStS 3 S-Stfj $ 4i:fc««"C*»* 1 
^Fifii 6 a (cWiiW- 6 IRJSSI5 ( OT. BlffiSP fc o -3 ) 

4^r. 06T'(i. ffitSfltS^ISiif^nH^^QlB^) 

*r6] («*isi) fcwt^nt^*. mutmmm 
3&mfitzWBx\ ztomsmmfrbBfivism. 0 

8(i07(7.)VII1^0-Ci>l.. 

[ 0 0 4 1 ] 0 5 -0 7 ic ijrf j; -3 tz . man 3 ©sn 1 

g yym&Slt. \ «cHJg$n4*«c«»24 
(3. £ 1 1 3 £»fls3-£&fctf>««»*-* 2 5 

(r?fiX-^) B:m)i-^2 5cmmmh 

Z>^lt® 1 r>dH'o 1 3^SMftiiMm , Ji^-&fc^Q-? 
g x> 2 6 . iSim«*glt«^J: D«lE$iifc 
»KiS 2 7 1 £im Lxv*h , 06 iznrfX -3 . « 
ft*-* 2 50)8gftM 2 5 a (A. I- 2 8 S^- 

LTD-; gxV3-/ 2 6W|0I$£«i2 6 a 

7<7JA:^ffi2 7 atRKtfil. lilt-? 2 5<0!B 
Sftili 2 5 a o m&fMM&r^iV \- 2 S&itlXn—? \) 
x>-j-^2 6 ^InlliU 2 6 aja^MM^S 2 7 ^7,^ 
H2 7 at6oS$ii& J: 5t*-)T^4. 

[ o 042] mmm 2 1 « . as 1 i^Hb - 1 3 

tWCAO . -c(7>AM1l2 7 aC4-i^*l4EIIc*«i* 
L-caj3»)t&lil«nai;ij^27b. t1"4?*>. MM 2 7 
a J: 0 t lonillM/SitVv^iii 2 7 a c:*L> ( Zixit® 

i ma 1 3 0>wnMfo 1 3 x x-fy h ) wig g <cioME-t 4 
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• |2lfctt};>J$2 7 h irffiU'Cl-'ft, Cf.)|sJ"|feaj;ljg|12 7 b 

. >' J' tffiffi 9 « * fcfittt 2 9*07 Ktp t J: o ft: * >' 3 0 
(Ci D^L^tt£tftfc*tf>*&»3 1 #-ft(-t£it 
hiiX^Z,, tm&m 1 (cm 2 yy?MHt9*X*fMI 

2 7£>igicUJ.t>S2 7bi: — fcllt&, ZiUzX 9 . U 
SB 2 '.J > ?HM#9ti. $ 1 9 v?48ft8<tfSW*-:* 2 
5 * ft^itt § v * . SB 1 3 aBftHfr I 3 x T' 

[004 3] JJEW J: :) (^{HlltlJiTJ^ 2 7 b*x!SaSJ 3 
1 U*(WBtt^2 9#tt£5ft.*W2 9 ^^«flt9tcA-> 

'C(±. *#*ftiM*2 9fc:. »i 'Jy^Wflt8fcR|«. 

US*-:? 3 2 (r?fAi-^) - D-^yxya- 

ys 3msmmm34tf%MZiL 3 2C> 

mm 3 2 a jWSJB*^!' h 3 5 T n- ? 9 X> 
3O0$jriJ3 3 a&tlWS£a3 4 WATJftB 

- ? 0 x > a - r 3 3 &tf$5Igii 3 4 (i . *#fttt 2 
9£mi 'Jy?*f*8ffl*)HriEIS&*3 1 fctt£Lfc« 

[ 0 0 4 4 ] <I <9?B 2 9 y ? HSfS 9 3 4 ii . 

mm 2mm 1 4 $ 1 9 y? lifts 

OWtiSI 2 7 fc RfflL **>A2fl* 3 4 a {c4/. 6iift 
IDlK£tiuf L'C ®Caj*» 3 4 b ^ .« 3 9 >' 9 

mm 0 i/c*ri/o>*. mmm-tito 

4 b (i . m 2 mas 1 4 cr.m%M>b 1 4 x t i xcimmm 

W.3 4 <7)kjjm 3 4a WlHeM 9 3 4 a «£ 0 

3 4 b t . m 3 «j > v mm 1 o 3 o 1 

fcv^'fcj: 9HJELTtt&-f&«r£»3 7 
f t fcilf l * & . 3 7 (cm 3 9 >' ?m&1 0 

*181* 3 6*&-£-tftC> (c J: 9 . MSB 3 'J > 7 lit?? 1 
Ofi. W2 9 >?mffi9<?Mm±-? 3 2 fcftsftS-fcfc 
fc S . » 2 BB» 1 4 ^BMEflfrC* 1 4 x T*> & mm®. 3 

4 <WJjW 3 4 a 9 (CEMBaj^JS 3 4 b c — He 

(ctalte (JUt) tft, 

[0045] JJEWJ: 3£EHEtMj*3 4 3 
7C***ft3 6fl«iS£$*l43S3 '.J >7lifS 1 0 (C& 

->T*i, -e^frww 3 6 1 . m i 9 > mms t m 

tt. fltftt-^ 3 8 ( ^ ;>.x-.? ) . o-.^ !Jxy 

-j-y3 9mfMMm&4 owmziL. imz-? 3 
semmm 3 s a a'jsuh*^.^ h 4 1 */r l -tq- ^ y 

x> -a-/ 3 9c7)PHfi;ii3 9 nm/^H^&A o«a* 
(*4 0al=fl8*3fL-O«a. •C^&. 

5 . D - ^ 9 X > CI - V 3 9 &(fl£t|giB 4 0 (± . 
lift 3 6 *!H2 \t > 7m»9M<7>m&&itffi3 7CSS^ 



>C> 1 4 x t ^firtc^r* i ') (cRIS^irCV^ ... 
[ 0 0 4b] :?)I3 '.J > ?lifJS 1 0«0MulK£liS4 0 
ti. 1FJIES3WHS 1 3 t<0"C, m 1 ') > ?tt 

&'4 0 b (i . % 3 BSIIf 1 3 £>mtgttiC> 1 5 x t L -CWJS 
0<?)7,tjiftli4 0 ai?X*-M»)t=KX*<*4 0 a 
J: OiS^lllEjlft-CEMEHrffitatt^L. ^R3*c,U 
.^4 0 bC. «tttiK«3ii^»4 9 > 1 1 0) 

4 \) v?m% 1 1 «. SB 3 U > 1 O^iSUt^^ 

3 8 tr fl^)j $ S . » 3 W» 1 5 ommto 1 5 x 

^4 o b t-wcnnfe (») -t*. 
[ o o 4 7 ] m4 o > nm 1 1 »*#ap 1 1 
« (@!ifeaj jj^4 o t> tf^iBicoaggP) tii. m 5 'j >' 
^ nil 1 2 k (^itafiffi 4 2 j&»»tt ^n-c n 4 . isa^gp 

4 2(i. ni4Rflri 6<?)ffiimmtti:&ic?)x\ %3m 

[0048] ±8Siii«4 2«i. 07^-r <t ^ m 

5 'J y mm 1 2 W* WS#4 4 <094 'J > ?Hflt 1 1 
fflcn&mzB&LZ titz miM4 5 izWAZix . 0.«Jii« 
4 5 *«Brt4*rt|-C*fWtft4 4fcg3ft$iifct>'ft- 
4 6 k 3E^gC 4 2 « t >'7X4 3 k *«PK»lC* ft «t '3 (Cffi 

it$iift„ -ctt, *«*flk4 4*>ir>-ft 

4 6aiXii^3P4 2c7)fy.^4 3 {Z My 4 7 Sriipjitft 
i biz X 9 , j£^54 2#J&5 9 >^tBfltl 2<0*H>« 
ft4 4 CiljSSii. -cf)3ifeHiB»r^m4iaBo 1 6 1 IX 
®ht*hZ> .-, &5\)y?Vm\ 2«. m4P»8 

IS 1 60@KMiL< 1 6 x LTC9 t"y 4 7<0«MH11 9 1 

[0049] C<7)Ji^. **Mff»« . B 5 9 y^ii 

m 1 2 «*iwt»4 4 (± . ±e*> jt -) (cm4 u y mm 

ilSC^J: oizr-1^4 8&1tLX1R3 9 
filffl 1 0 «9*«s1gft 3 6 tat* 3 frc v >ft . 

[005 o ] .mr-1^4 8i±. m5 9 > -^itts 1 2 

cam u*»tt-c mm 3 ofi^i*ru« l-c fn«t 
xmLixtw. <i?m%mi. ztizhmsoym 

fg 1 2«#W*ft4 4 fc3S3 9 y^lifS 1 0 W**R» 
3 6 k tS«4 9 . 5 0 Srfi L f HIsisrtttiWBfeSiif 
i>ft. 

[00 5 1 ] .lc7:)J;:,^7 > -2s)V4 82rO , i.ttV>4.2.»: 
t J: 9 . m 3 9 yfWMl 1 O^fjt-^ 3 8«fWttt 
J: -.»"C . 3S4 9 y?m 1 1 * J I3 8 izffzM&Xnii'X :> 

iztem®3<?mw\mmzmi am) *htzt$. as 5 



. o > ? mm 1 2*1. m 4 u > ? mm 1 1 iz *r l -c t > 4 

7 OIH] ') (ClUIfe": ( fill!) ) L . S4 !J > .7 (jSfft 1 1 J; 0 1 

. ics^niicfta-c. »3 u >■ ?mm 1 o en l -ctfsu-r 
a , o £ o . s mm 1 5 f jsnrcimafli 3 *«* wraa 

SMlCSlltM-* k . * L t . JSfS 4 TO 1 6 Oii 

j?rf. tem&3tf'r<?mmnmizwMth<. vt->x. * 

9B»»J»-C«W3 'J > ?$sfft 1 0 3 8(3. 

S 3 FjUKJi" 1 5 r IVK $ -It 6 r 7 * x- T'fc & k HI* 

[00 52] A^hMITJ UtfHMt 3 OfflftU . fHilS 

7*»6W3Wfif2 3CMtTOlHtf)-OfSit{i, ffira£^>f& 
J$fS3-50Sl yy^»li8*»<5>»3WBl 5fcUWt 

i o yfmmii , S2 s, S3 

m i 9 . $ i mm 2 1 . s 2 ranis 2 2 aim 3 mm 2 3 

m2\)>?m9, msoymmio. sitoi 
3 . s 2 mens 1 4 aim 3 rase 1 5 wmtt h-t* 

[ 0 0 5 3 ] -t- IT . feftflf 2 t*oTti. S3TO2 
3 J: 9 j&HH«>£4 !J >-^tS«2 OofijioAA*. Wk 
ffi 3 - 5 OS 3 M fiu 1 5 J: 0 i j^MM8^>flfE->^9ffHfi k ffl 
it-<r h L ok £ o -c t *4 . i Oi*£ . Jgffifll 2 OS 4 y 
y7®®2 OJi. »«Mi3-5«J:3«:inBr-Afr4 
8 JMUH't - »aS«MI 3-5 iciHt **4 'J > ? H 
ffi l 1 k S5 <J y '/wm l 2 k Sr+s^fcJ: D-*Wfc 

[0054] tJLhltt«W t^*^^^)^.^^ HOT 

Tit. mmnxozmmzxix, zmxoztmm 

[0055] W*tf*flHt»2~5*Mi«' Lfcttffl (# 
££ff£-1#80 *»<•>. WKflf2<9ff2 'J ytwmi 8£ 

s 1 to 2 1 onMEMtt 2 1 x 00 o t met* -c . U 
s 2 >j y?mn 1 s £&mm 4 os mm 3 ^igew 
*c»i 3 xtfflifiuzmt&kMz. mmffi4crm2 »> 
? mm 9 & m 1 mm 1 3 ?>i°i»i> 1 3 x <o@ 0 1 me 
zitx , eiji 2 y y?\m 9 ef^iifs 2 wj» 1 mm 2 1 

4:H#|4lt:ifl|»t. S»«4<?)3S3 »J> ^«8*81 

0*^2 1 4 0@tcM6 1 4 x 00 0 UIHIk$ -t» T 
3$fliMMt4 WSB 1 raHB 1 3f )Q1IkM<C> l 3 x t fflttolz 

[ 0 0 5 G ] . JS»ffi2«*l B9SF2 

ili-D2 1 xti. ^fif»4c7:).cp1 KJHEil 3<?)|0MEtH:«l 3 
x .t BSitft o TT l »4 . 13 9 ( a ) . (b) C 
tHHffi^cOfft 1 TO 2 1 Jt D t3tffll«l«0» 
^ (*2 u >-^«H8 1 Sipe>m4 V y?&Mt20tziptt 
XntSM ) > . wa* 2 T0 1 4 X 0 1> j&SIEg?) 



• ( 7 ) 0 0 1- 3 4 7 4 S 2 ( P 2 0 0 1 - 3 4 7 4 S 2 A ) 
mt (S3 'Jy^ffiffll 0A»^»5 'J>^fS«H 2fcrt» 

^»Ris»* j WiiBTr * . H9 (a) ±kw 

6 a Iffl/M . Igfilfi 4 wm 1 TO 1 3 <r>m%Mfo l 

3 xiyftx'&t^mmx'fo*) . H9 (b) ti. ±3&)ft 
[00571 c :> c . t^iif^ 2 . 4 **fnn & 

wk*. mf84ii. -t-^iTOi awnmcHfrC'i 3 

xwlaFOt. *&B*85fc:i&iy < poTgfj£t4J: ')fcOmES 

; k k <j:^>A\ fflm5 &*0M 1 TO 1 
H4>1 3 xfj@'7tl2l'|fe3^C k'C. JfitltPM fcOT 

[00 58] ifc. Hilf. H9tjjtLfc«J66^. 

mm 5 s: * «m 1 to 1 3 amett'fr 1 3 x m 0 tzjgig 

fS4*H^TSiK^*^ini!g$^kS{3. ^ji^ 
3 a- f<o» 1 TO 1 3 <r>mcM>b 13x00 lzimm4 

-cn^iL^2 -SS4TO1 4 - 1 6*fH»$*Tf-fi 

3-5 c?mt®mfrmmm 2 trm** -3 t» 

0 tatf & k sic . mats 2 os 2 atm 3 to 22.2 
3 zMUitximmm 2 <7)m&mm4 izm> 5 

- 5 tfH»$*t««*«MKia 1 -H3 iznk itzvmx- 

[ 0 0 5 9 3 c?>k * . ^iitS 3 ~5tf>*ii«i*>» 1 
TOl 3A»ME04t*LfcJ: ilzMMzfflftlX^Z 

W«dfe«M-4J:3fc:L.t5v»t:ftjfit4 (HUBS) . 
C^). fSfiSH*3— 5 &m«2 t<WC. H*L4 

1 ^WftSrSUfcHtaWi - k *rar*k . 

[0060] sfet:. *mmmx'it. *&»«3— 5« 

*» o x mmzm. 1 x v >* ^ . 3 
—si*. «e 1 to 1 3 i 0 1 ^Biwoa'^ ( s 2 u 
>?mt9ii>s>m5 >) y?mmi 2tmxmft) 

1f\ SI »J^«WI8^t4IC3. C4, 05OMWJ 

t . s 1 to 1 3 o0$£^d 1 3 xm 0 citttwcir m 
&mrc®m& zttfvzz. zwzih. mux. 0 
1 0 ( a > , ( b ) iz^tx 'j^miz^mn2- 5 * 

f^ft$li-4.Iky/t'^4« 

[ 0 0 6 1 ] 0 1 0 ( a ) . ( b ) (i. f«],t(i'0 1 -0 
3 (c* Lfc flaw* 6 - tftKtt 3 OS 1 TO 1 3 $ 
li-t S^tSIt 3 srfelifS 4 6fllKi-4 |i] £ (:: ®& $ -tf 
& k «t . fRflffi 5 OS 1 TO 1 3 2- fl«$ IrtKflStt 

»5 *jaa«4 frmz+zpiz izmzitzzb izx 
>) , zht>o>m& 3 , 5 ^S'iU 1 oMimxnm- 
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• h X :> iz Lttm&ifiiWrZ-S) 0 . Hi 0 ( a ) (i . C 

^tm^^m^yr-im^'S^ i wpm* a is 

• . ftit^fi? l l I^Jn 1 3 ?M%M>b 1 3 x JfWC 
JlfcTflBErc**. ifz.mi 0 (b) (A. JJCfltflrtJ: 

[oo62] r o) x :> tzmm$ 2 - 5 i- \m * wz t 

[0063] 43t. ^mmm.<ry%^y FgifitiL ta 

ism 3 - s ^H-jut?* & . -th h vmx'oMn 
zffyfzib. ^ v mm)±&-Tim>i/m 
mza m *ti h mmm 3 - 5 mmmim* 

[006 4 1 ouri* i-tzmmmrcit. 4 

ffi<?)*m£ztuzm%LZti&h<?)X'i±Zi:<. m*-if. a 

[ 0 0 6 5 ] ifc . Mie^M^t'Ji. mmzwu-t'h 
wm 2 & «flm 3- 5 1 , 7t«n5^)fl$3t^ j M^s t <o 

[01 ] 

FIG. 1 




[Hi ] *min-XMmiztsnz>$W\y m&*> 

mm, 

[ 0 2 ] in *)-m> n > Hisia* 1a 1 1 imzt 

>->%.tz®im.: 

[H3] 0 2^)1 1 1 *aaa, 

[114] H3^iv iv^nnii, 

[115 ] 0 1 0 2 c7)^fgy n >- Ki@a^ffiMi^>»iS 

[06 ] (1 1 &tfH2*>3HS'^ K«l«lS«flK)iHI* 

il?S0, 

[ 0 7 ] 0 1 a^-0 2 ^-^t§/ x > H^{t^fg^9<7)^ffi 

0, 

[08] 07WIIIrX?a0, 

[09]0i atA'0 2 ^ > Hi««-«kw«« 
[ 0 1 0 ] 0 1 mm 2 oyy,^) s v m&<r>m<?>m<?>fc 

l-#aWB. 2-5 ■■•ttlifS. 6a-4fl. 8-1 
2. 1 7-2 0-'J> 13 -16, 2 1-2 3 

-Bflf, 2 5, 32, 3 8-«fjt-^ (T'/fal- 



[02] 
FIG. 2 
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(*1 1 ) ) 0 1 ~ 3 4 74 S 2 ( P2 0 0 1 - 34 7 4 S 2 A ) 



[111 0] 



FIG. 10(a) 




